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(57) Abstract 

The subject invention involves anti-inflammatory compounds having structure (1), wherein (a) n is an integer of from 0 to 
about 2; (b) -R is selected from straight or branched alkyl, saturated or unsaturated with 1 or 2 double bonds, having from 1 to 
about 6 carbon atoms; and cyclic alkyl, saturated or unsaturated with 1 or 2 double bonds, having from 3 to about 13 carbon at- 
oms; and the carbon atom to which -R is bonded is in either D or L configuration; (c) -R' is selected from branched alkyl, satu- 
rated or unsaturated with 1 or 2 double bonds, having from 3 to about 6 carbon atoms ; cyclic alkyl, saturated or unsaturated with 
1 or 2 double bonds, having from 3 to about 1 3 carbon atoms ; and arylalkyl, the alleyl portion being saturated and having from 1 
to about 3 carbon atoms; and the carbon atom to which -R' is bonded is in L configuration; (d) -R" is -(CH 2 ) m -A-NH 2 or 
-(CH 2 ) m -A-B-C(NH 2 ) = NH, wherein m is an integer of from 1 to about 5 ; -A- is a covalent bond, or p-phenyl or p-cyclo- 
hexyl * and -B- is a covalent bond or -NH- ; and the carbon atom to which -R" is bonded is in L configuration ; (e) - Y is hy- 
drogen or trifluoromethyl ; (0 -Z- is -O- or -NH-; (g) -V- is selected from -OC(O)-, -N(Q)C(0)-, -N(Q)C(S)-, -C(0)- 5 -S0 2 - 
and -P(0)(0H)-; when -V- is -OC(O)-, -Z is -NH-; (h) -X is selected from the group consisting of cyclic alkyl, branched 
alkyl having at least- two branches, and aryl, each having from 5 to about 20 carbon atoms; and (i) -Q is selected from the 
group consisting of hydrogen; and straight or branched chain alkyl, saturated or unsaturated with 1 or 2 double bonds, hav- 
ing from 1 to about 6 carbon atoms; or -Q and -X are covalently linked forming a cyclic moiety which includes the nitrogen 
to which -Q is bonded and from 5 to about 20 carbon atoms. The subject invention also involves pharmaceutical composi- 
tions comprising the above compounds, and methods for treating inflammation or pain using such compounds and compo- 
sitions. 
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TRIPEPTIDE DERIVATIVE ANTI- INFLAMMATORY AGENTS 

5 TECHNICAL FIELD 

The subject invention relates to novel tripeptide 
derivatives which are useful as anti -inflammatory agents. 

BACKGROUND OF THE INVENTION 
Certain tripeptide derivatives having various biological 
10 activities are known. The following references disclose such 
tripeptide derivatives: 

U.S. Patent No. 4,242,329 issued to Claeson, Simonsson & 
Ariel ly on December 30, 1980; U.S. Patent No. 4,316,889 issued to 
Bajusz, Hasenohrl , Barabas & Bagdy on February 23, 1982; U.S. 
15 Patent No. 4,399,065 issued to Bajusz, Hasenohrl, Barabas & Bagdy 
on August 16, 1983; U.S. Patent No. 4,401,594 issued to Umezawa, 
Takeuchi, Aoyagi, Ishii, Saino & Someno on August 30, 1983; U.S. 
Patent No. 4,478,745 issued to Bajusz, Hasenohrl, Barabas & Bagdy 
on October 23, 1984; U.S. Patent No. 4,528,133 issued to 
20 Kasafirek, Fric, Slaby 4 Robalova on July 9, 1985; U.S. Patent 
No. 4,596,789 issued to Dutta, Stein, Trainor & Wildonger on 
June 24, 1986; U.S. Patent No. 4,623,639 issued to Hassall, 
Johnson & Roberts on November 18, 1986; U.S. Patent* No. 4,703,036 
issued to Bajusz, Hasenohrl, Bagdy, Barabas, Dioszegi, Fittler, 
25 Jozsa, Horvath 4 Jozst on October 27, 1987; U.S. Patent No. 
4,880,780 issued to Trainor & Stein on November 14, 1989; U.S. 
Patent No. 4,883,863 issued to Abe, Yaginuma, Nagasawa & Kuroiwa 
on November 28, 1989; U.S. Patent No. 4,902,781 issued to Mizoue, 
Okazaki, Hanada, Omura & Amamoto on February 20, 1990; PCT Patent 
30 Application No. 84/00365 of Galpin & Wilby, published February 2, 
1984; Japanese Patent Application No. 47-30618 of Toray Inds. 
Inc., published November 9, 1972; Japanese Patent Application No. 
57-145846 of Mitsubishi Chem. Ind. KK, published July 19, 1974; 
Japanese Patent Application No. 58-154563 of Daiichi Kagaku Yaku, 
35 published March 25, 1982; Aoyagi, Miyata, Nanbo, Kojima, 
Matsuzaki, Ishizuka, Takeuchi & Umezawa, "Biological Activities 
of Leupeptins", The Journal of Antibiotics . Vol. XXII, No. 11 
(Nov. 1969), pp. 558-568; Bajusz, Barabas, Tolnay, Szel! & Bagdy, 
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"Inhibition of Thrombin and Trypsin by Tripeptide Aldehydes", 
Int. J. Peptide Protein Res. , Vol * 12 (1978), pp. 217-221; Gaal , 
Bacsy I Rappay, "Cationic Ferritin Uptake by Cultured Anterior 
Pituitary Cells Treated with the Proteinase Inhibitor, 
5 BOC-DPhe-Phe-Lys-H", Histochemistry . Vol. 88 (1988), pp. 401-406; 
Hakara, Rappay, Garamvolgyi, Nagy, Danko & Bajusz, "The Tri- 
peptide Aldehyde, Boc-DPhe-Phe-Lysinal , is a Novel Ca 2+ Channel 
Inhibitor in Pituitary Cells", Furooean J ournal of Pharmacology, 
Vol. 151 (1988), pp. 147-149; Nagy, Makara, Horvath, Rappay, 

10 Kurcz 4 Bajusz, "Tripeptide Aldehyde Protease Inhibitors May 
Depress in Vitro Prolactin and Growth Hormone Release", 
Endocrinology . Vol. 116, No. 4 (1895), pp. 1426-1432; Rappay, 
Makara, Bajusz & Nagy, "Various Proteinase Inhibitors Decrease 
Prolactin and Growth Hormone Release by Anterior Pituitary 

15 Cells", Life Sciences . Vol. 36 (1985), pp. 549-555. 

Some of the above references disclose tripeptide derivatives 
having anti -inflammatory activity. 

It is an object of the subject invention to provide novel 
tripeptide derivatives which are useful as anti -inflammatory 

20 agents. 

It is a further object of the subject invention to provide 
novel tripeptide derivatives which reduce the bone resorption 
and/or heterotopic bone formation associated with rheumatoid 
arthritis. 

25 It is also an object of the subject invention to provide 

novel pharmaceutical compositions comprising certain tripeptide 
derivatives. 

It is also an object of the subject invention to provide 
methods for treating diseases characterized by inflammation. 
30 SUMMARY OF THE INVENTION 

The subject invention involves anti -inflammatory compounds 
having the following structure: 

R R' R" 

X-(CH 2 ) n -V-Z-CH-C(0)-NH-CH-C(0)-NH-CH-C(0)-Y 

3 ^ wherein 

(a) n is an integer of from 0 to about 2; 



(b) -R is selected from straight or branched alkyl, 
saturated or unsaturated with 1 or 2 double bonds, 
having from 1 to about 6 carbon atoms; and cyclic 
alkyl, saturated or unsaturated with I or 2 double 
bonds, having from 3 to about 13 carbon atoms; and the 
carbon atom to which -R is bonded is in either D or L 
configuration; 

(c) -R' is selected from branched alkyl, saturated or 
unsaturated with 1 or 2 double bonds, having from 3 to 
about 6 carbon atoms; cyclic alkyl, saturated or 
unsaturated with.l or 2 double bonds, having from 3 to 
about 13 carbon atoms; and aryl alkyl, the alkyl portion 
being saturated and having from 1 to about 3 carbon 
atoms; and the carbon atom to which -R' is bonded is in 
L configuration; 

(d) -R" is -(CH 2 ) ro -A-NH 2 or - (CH 2 ) m -A-B-C(NH 2 )-NH, wherein 
m is an integer of from 1 to about 5; -A- is a covalent 
bond, p-phenyl or p-cyclohexyl ; and -B- is a covalent 
bond or -NH-; and the carbon atom to which -R n is 
bonded is in L configuration; 

(e) -Y is hydrogen or tri fl uoromethyl ; 

(f) -Z- is -0- or -NH-; 

(g) -V- is selected from -0C(0)-, -N(Q)C{0)-, -N(Q)C(S)-, 
-C(0}-, -S0 2 - and -P(0)(0H)-; when -V- is -OC(0), -Z- 
is -NH-; 

(h) -X is selected from cyclic alkyl, branched alkyl having 
at least two branches, and aryl, each having from 5 to 
about 20 carbon atoms; and 

(i) -Q is selected from hydrogen; and straight or branched 
alkyl, saturated or unsaturated with 1 or 2 double 
bonds, having from 1 to about 6 carbon atoms; or -Q and 
-X are covalently linked forming a cyclic moiety which 
includes the nitrogen to which -Q is bonded and from 5 
to about 20 carbon atoms. 

The subject invention also involves pharmaceutical composi- 
tions comprising the above compounds, and methods for treating 
inflammation or pain using such compounds and compositions. 



nn-ATi Fn description of the invention 
The term B alkyl", as used herein, unless otherwise 
indicated, means carbon-containing chains which may be straight, 
branched or cyclic; which may be saturated or unsaturated; and 
which may be unsubstituted or substituted. As used herein, 
"cyclic alky!" may have all or only a portion of the total number 
of carbon atoms indicated as being in the alky! group in the 
cycl ic ring itself . Cycl i c al kyl incl udes monocycl oal kyl , 
bicycl oalkyl and/or tri cycl oal kyl . 

Preferred alkyl are as noted in this paragraph unless 
provided otherwise in particular instances. Preferred alkyl are 
saturated. Preferred alkyl are unsubstituted. Preferred alkyl 
substituents are selected from halo, amino, hydroxy, alkoxy, 
cyano, nitro, aryl and trifluoromethyl. As used herein, "alkoxy" 
is -O-alkyK It is preferred that substituted alkyl be mono-, 
di- or trisubstituted, especially monosubsti tuted. 

The term "aryl", as used herein, unless otherwise specified, 
means aryl rings which may be unsubstituted or substituted. Pre- 
ferred aryl is as noted in this paragraph, unless provided 
otherwise in particular instances. Preferred aryl are phenyl and 
naphthyl, especially phenyl. Preferred aryl are mono-, di-, tri- 
or unsubstituted; more preferred aryl are monosubsti tuted or 
unsubstituted, especially unsubstituted. Preferred aryl sub- 
stituents include «lkyl, halo, amino, hydroxy, alkoxy, cyano, 
nitro and trifluoromethyl. 

The term "aryl alkyl", as used herein, means alkyl sub- 
stituted with aryl. A preferred aryl alkyl is aryl methyl . 

The following abbreviations are used herein. Abbreviations 
for amino acids may refer to the amino acid itself, or more often 
to an amino acid moiety, that is part of a peptide or peptide 
derivative structure. 



Amino Acid AA 

Protecting Group PG 

Arginyl Arg 

Cyclic Arginyl cArg 

Leucyl Leu 

Isoleucyl He 
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Lysyl 

Phenyl al any! 
p-Guan idi nophenyl al any! 
Prolyl 
5 Seryl 
Threonyl 
allo-Threonyl 
Tryptophyl 
Valyl 

10 1-Naphthylalanyl 

2-Naphthylalanyl 

Cyclohexylalanyl 

t-Butylalanyl 

1-Adamantylalanyl 
15 2-Adamantylalanyl 

Ornithyl 

Adamantylglycyl 

t-Butylglycyl 

Aminocyclohexyl 
20 Ami nocycl openty 1 

Cyclohexylglycyl 

Homophenylalanyl 

p-Chlorophenylal anyl 

p-Ni trophenylalanyl 
25 Thienylalanyl 

Carbobenzyloxy 

t- Butyl oxycarbonyl 

Adama n ty 1 oxy c a r bony 1 ' 

Benzyl 
30 Adamantoyl 

Adamantaneacetyl 

Menthyloxycarbonyl 

Homoadamantyl oxycarbonyl 

Fenchyl oxycarbonyl 
35 I somenthyl oxycarbonyl 

I sop i nocamphany 1 oxycarbonyl 

endo-Bornyl oxycarbonyl 



Lys 
Phe 

p-Gphe 

Pro 

Ser 

Thr 

aThr 

Trp 

Val 

1- Nal 

2- Nal 
Cha 
t-Bal 

1- Adl 

2- Adl 
Orn 
Adg 
t-Bug 
Ach 
Acp 
Chg 
Hph 
p-Cph 
p-Nph 
Thi 

Cbz or Z 

Boc 

Adoc 

Bn 

Ad 

Ada 

Moc 

Hadoc 

Foe 

Imoc 

Ipoc 

eBroc 



collectively 
Nal 



col lectlvely 
Adl 
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Naphthyl oxycarbonyl Noc 

3 , 5-Dimethyl adamanty 1 oxycarbonyl 3 , 5-Dmadoc 



Morphilinoyl Mnc 

Fl uorenyl methoxycarbonyl Fmoc 

5 Noradamantoyl Norad 

Adamantylaminocarbonyl Adac 

Tri phenyl methyl Tr 

Isopropylalcohol { P a 

Diethyl cyanophosphonate DECP 

10 Trifluoroacetate TFA 

Potassium hexamethyldisilazide KHHDS 

Lithium aluminum hydride LAH 

p-Toluenesulfonic acid pTSA 

Tetrahydrofuran THF 

15 Dimethyl sulfoxide DMSO 

Acetyl Ac 

Methyl Me 

Ethyl Et 

3-Chloroperoxybenroic acid MCPBA 

20 Dimethyl forroamide DMF 

Tri e t hy 1 amine TEA 

Diisobutyl aluminum hydride DIBAL-H 
Tri fluoromethyl tri methyl si lane CF 3 TMS 
Tetra-n-butyl ammonium 

25 fluoride tri hydrate TBAF 

Fast atom bombardment - 

mass spectroscopy FAB-MS 



The novel anti- inflammatory compounds of the subject 
invention are those having the following chemical structure: 

30 R *' f" 

X-(CH*) n -V-Z-CK-CW^ (D 
In Structure (1), n is an integer of from 0 to about 2; n is 
preferably 0 or K 

In Structure (1), -R *s selected from the group consisting 
35 of straight or branched alkyl, saturated or unsaturated with 1 or 
2 double bonds, having from 1 to about 6 carbon atoms; and cyclic 
alkyl, saturated or unsaturated with 1 or 2 double bonds, having 
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from 3 to about 13 carbon atoms. Preferred -R is saturated 
alkyl. Preferred alkyl are unsubstituted, or are arylalkyl, 
especially benzyl and naphthal. Preferred cyclic alkyl are 
cyclic C 3 -C 8 (more preferably C 5 -C s ) methyl or adamantyl methyl . 
5 Preferred -R is hydrophobic, preferably with the hydrophobicity 
concentrated close to the carbon atom to which -R is bonded. 
Specific examples of preferred -R include t-butyl, 1, 1-dimethyl - 
propyl, 1 -propyl, i-butyl, s -butyl, neo-pentyl, cyclohexyl, 
cycl ohexyl methyl , adamantyl, naphthal ; most preferred -R is 
10 t-butyl. 

In Structure (1), the carbon to which -R is bonded is in 
either D or L, preferably D, configuration. The structure 
-Z-CH(R)-C(0)- is an amino acid moiety (hereinafter -AA 1 -) when 
-Z- is -NH; preferred amino acid moieties for -AA 1 - include 
15 t-Bug, Val, He, Leu, Chg, Cha, Phe, NaT, Trp and Adg; more 
preferred are t-Bug, Val and lie; most preferred -AA 1 - is t-Bug. 

In Structure (1), -R' is selected from branched alkyl, 
saturated or unsaturated with 1 or 2 double bonds, having from 3 
to about 6 carbon atoms; cyclic alkyl, saturated or unsaturated 
CXJ with 1 or 2 double bonds, having from 3 to about 13 carbon atoms; 
and arylalkyl, the alkyl portion being saturated and having from 
1 to about 3 carbon atoms. Preferred branched or cyclic alkyl 
are saturated. Preferred branched or cyclic alkyl are unsub- 
stituted. Preferred branched alkyl have from 3 to 5 carbon 
J atoms; most preferred branched alkyl is i-butyl. Preferred 
cyclic alkyl have a C 3 -C 7 , more preferably C 5 -C 6 , cyclic ring 
bonded to a methylene, ethylene or n-propylene (preferably 
methylene or ethylene, more preferably methylene) which is bonded 
to the carbon atom in Structure (1) to which -R' is bonded. 
0 Preferred arylalkyl are benzyl, p-hydroxybenzyl and naphthal. 
More preferred -R' is selected from i-propyl, i-butyl, s-butyl T 
cycl ohexyl methyl , benzyl and naphthal; most preferred is benzyl* 

In Structure (1), the carbon atom to which -R' is bonded is 
in L configuration. The structure -NH-CHfR' ) -C(0) - is an amino 
acid moiety (hereinafter -AA 2 -); preferred amino acid moieties 
for -AA 2 - include Phe, Nal , Cha, Leu and lie; most preferred 
-AA 2 - is Phe. 
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In Structure (1), -R" is -fCH 2 ) m -A-NH 2 or -(CH 2 ) m -A-B- 
C(NH 2 )-NH, wherein m is an integer of from 1. to about 5, -A- is a 
covalent bond, p-phenyl or p-cycl ohexyl , and -B- is a covalent 
bond or -NH-. When -A- is a covalent bond, m is preferably 2-5, 
5 more preferably 2-4, more preferably still 3 or 4, When -A- is 
p-phenyl or p-cyclohexyl , m is preferably 1-4, more preferably 
1-3, more preferably still 1. -A- is preferably a covalent bond. 
-B- is preferably -NH-. More preferred -R" is 3-guanidino-n- 
propyl or 4-amino-n-butyl . 

10 In Structure (1), the carbon to which -R" is bonded is in L 

configuration. The structure -NH-(CH(R")-C(0)- is an amino acid 
moiety (hereinafter -AA 3 -); preferred amino acid moieties for 
-AA 3 - include Arg, Lys and p-Gphe; most preferred -AA 3 - is Arg. 
In Structure (1), -Y is hydrogen or trifluoromethyl . 

15 in Structure (1), -Z- is -0- or -NH-. Preferred -Z- is 

-NH-. 

In Structure (1), -V- is selected from -0C(0)-, -N(Q)C(0)-, 
-N(Q)G(S)-, -C(0)-, -S0 2 - and -P(0)(0H)-. Preferred -V- is 
selected from -0C(0)-, -N(Q)CfO)-, -N(Q)C(S)-, and -C(0)-. More 

20 preferred -V- is -0C(0)- or -N(Q)C(0)-. Host preferred -V- is 
-0C(0)-. When -V- is -OC(O)-, -Z- is -NH-. 

In Structure (1), -X is selected from cyclic alkyl, branched 
alkyl having at least 2 branches, and aryl , each having from 5 to 
about 20 carbon atoms. Preferred -X has from 5 to 15 carbon 

25 atoms; more preferred -X has from 8 to 12 carbon atoms. Pre- 
ferred allcyl portions of -X are saturated. Preferred -X is 
unsubstituted or substituted with unsubstituted alkyl or aryl. 
Preferred cyclic alkyl are monocycloalkyT , bicycloalkyl , and 
tricycloalkyl, more preferred are bicycloalkyl and tricycloalkyl , 

30 especially tricycloalkyl. Preferred cycloalkyl have 5 or 6 
carbon atoms, more preferably 6 carbon atoms, in each cyclic 
ring. A highly preferred -X is adamantyl . Preferred aryl -X are 
naphthyl and phenyl, unsubstituted or substituted with alkyl. 
Particularly preferred aryl -X include naphthyl and fluorenyl. 

35 When -X is aryl or cyclic alkyl, n is preferably 1. 

In Structure (1) when -V- is -NCQ)C(O)- or -N(Q)C(S)-, -Q is 
selected from hydrogen; straight or branched alkyl, saturated or 
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15 
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unsaturated with 1 or 2 double bonds, having from 1 to about 6 
carbon atoms; or -Q and -X are covalently linked forming a cyclic 
moiety which includes the nitrogen to which -Q is banded and from 
5 to about 20 carbon atoms. Preferred -Q-X- has from 5 to 15 
5 carbon atoms; more preferred -Q-X- has from 8 to 12 carbon atoms. 
Preferred -Q-X- is unsubstituted or substituted with 
unsubstituted alkyl or aryl . Preferred cyclic 

A 

- N - X is monocyclic, bi cyclic or tricyclic; more preferred is 
monocyclic. Most preferred -Q is hydrogen. 

In Structure (1), preferred X-(CH 2 ) n -V- (hereinafter X'-) 
include Boc, Adoc, Ad, Fmoc, Ada, Adac, Mnoc, Norad, Hadoc, Foe, 
Imoc, Ipoc, 3,5-Dmadoc, eBroc, Noc and Moc; more preferred X' is 
Adoc, Ipoc and eBroc; most preferred -X' is Adoc. 

Preferred ant i- inflammatory compounds of the subject 
invention include pharmaceutic.ally-acceptable salts of the above 
compounds. Particularly preferred salts include salts of 
addition formed between a strong acid and the above compounds. 
Particularly preferred are such salts of addition where -R" is 
protonated, resulting in a positive charge on the -R* moiety. 
Preferred compounds of the subject invention are aften associated 
with one or more molecules of water in the form of hydrates. 

Preferred anti - inflammatory compounds of the subject 
invention include the following compounds: 
Boc-D-Phe-Phe-Arg-H 
Boc-D-l-Nal-Phe-Arg-H 
Boc-D-Phe-Cha-Arg-H 
Boc-D-Cha-Cha-Arg-H 
Boc-D-Phe-Thi-Arg-H 
Boc-D-Cha-Phe-Arg-H 
Boc-D-Hph-Phe-Arg-H 
Adoc-D-Phe-Phe-Arg-H 
Boc-D-Phe-Hph-Arg-H 
Boc-D-Phe-2-Nal-Arg-H 
Boc-D-2-Nal-Phe-Arg-H 
Adoc-D-2-Nal -Phe-Arg-H 
Adoc-D-2-Nal -2-Nal -Arg-H 



20 



25 



30 



35 
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Ad-D-Phe-Phe-Arg-H 
Boc-D-Trp-Phe-Arg-H 
Boc-D-t-Bug-Phe-Arg-H 
Fmoc-Val -Phe-Arg-H 
5 Adoc-D-Hph- Phe-Arg-H 

Fmoc-D-Phe-Phe-Arg-H 
Boc-D-t-Bal -Phe-Arg-H 
Boc-D-1-Adl -Phe-Arg-H 
Boc-D-2-Adl -Phe-Arg-H 
10 Adoc-D-t : Bug-Phe-Arg-H 
Ad-D-Phe-Phe-Arg-CF 3 
Adoc-D-Val -Phe-Arg-H 
Adoc-D-t-Bug-2-Nal -Arg-H 
Ada-D-t-Bug-Phe-Arg-H 
15 Adoc-D-Chg-Phe-Arg-H 

Adoc-D-t-Bug-p-Cph-Arg-H 
Adoc-D- t-Bug-Trp-Arg-H 
Adoc-L-Val -Phe-Arg-H 
Adoc-Ach-Phe-Arg-H 
Adoc-Ach-Phe-Arg-H 
Adoc-D-Adg- Phe-Arg-H 
Adoc -0-0rn - Phe -Arg - H 
Adoc -D - aTh r - Phe - Arg - H 
Adoc-D- Leu -Phe -Arg-H 
25 Adoc-D- Lys- Phe -Arg-H 

Adac-D-t-Bug-Phe-Arg-H 
(-)-Moc-D-t-Bug-Phe-Arg-H 
Norad-D-t-Bug-Phe-Arg-H 
Norad-D-t-Bug-Phe -Arg-H 
30 Adoc-D-t-Bug-Phe-Lys-H 
Hadoc-D-t-Bug-Phe-Arg-H 
Adoc-D-t-Bug-Cha-Arg-H 
Adoc-D- t-Bug- Leu -Arg-H 
Foc-D-t-Bug-Phe-Arg-H 
35 Imoc-D-t-Bug-Phe-Arg-H 

(-)-Ipoc-D-t-Bug-Phe-Arg-H 
3,5-Dmadoc-D-t-Bug-Phe-Arg-H 



20 



(+)-Ipoc-D-t-Bug-Phe-Arg-H 

(-)-eBroc-D-t-Bug-Phe-Arg-H 

Adoc-D-t-Bug-Phe-Arg-H 

Noc-D-t-Bug-Phe-Arg-H 

Adoc-D-t-Bug-Phe-Arg-CF 3 

Adoc-D-t-Bug-Phe-p-Gphe-CF 3 

eBroc-D-t-Bug-Phe-Arg-CF 3 -TFA salt 

Boc-D-Cha-Cha-p-Gphe«CF 3 

Adoc-D-Val -Phe-p-Gphe-CF 3 

Boc-D-Phe-2-Nal -p-Gphe-CF 3 

Adac-D-t-Bug-Phe-Arg-CF 3 

Mnc-D-Phe-2-Nal -Arg-CF 3 
Amino acids are in L configuration, unless indicated as D in the 
above list. 

Pharmaceutical Compositions 

Pharmaceutical compositions of the subject invention com- 
prise a safe and effective amount of a tripeptide derivative as 
defined hereinabove and a pharmaceutically-acceptabl e carrier. 
Such compositions typically comprise from about 0.1% to about 95% 
by weight of the tripeptide derivative, preferably from about 1% 
to about 90% and more preferably from about 5% to *about 75%. 

The term "pharmaceutical ly-acceptable carrier", as used 
herein, means one or more compatible solid or liquid filler 
diluents or encapsulating substances which are suitable for 
administration to a human or lower animal. The term "compat- 
ible - , as used herein, means that the components of the pharma- 
ceutical compositions are capable of being commingled with the 
tripeptide derivative of the subject invention, and with each 
other, in a manner such that there is no interaction which would 
substantially reduce the pharmaceutical efficacy of the composi- 
tion under ordinary use situations. Pharmaceutically-acceptable 
carriers must, of course, be of sufficiently high purity and 
sufficiently low toxicity to render them suitable for admini- 
stration to the human or lower animal being treated. 

Some examples of substances which can serve as pharma- 
ceutically-acceptable carriers are sugars, such as lactose, 
glucose and sucrose; starches, such as cornstarch and potato 



starch; cellulose and its derivatives, such as sodium carboxy- 
methyl cellulose, ethyl cellulose and cellulose acetate; powdered 
tragacanth ; mal t ; gel at i ns ; tal c ; stearic acid ; magnesium 
stearate; calcium sulfate; vegetable oils, such as peanut oil, 
cottonseed oil, sesame oil, olive oil, corn oil and oil of 
theobroma; polyols, such as propylene glycol, glycerin, 
sorbitol, mannitol, and polyethylene glycol; alginic acid; 
pyrogen-free water; isotonic saline; phosphate buffer solutions; 
cocoa butter (suppository base); emulsifiers, such as Tweens®; 
wetting agents and lubricants, such as sodium lauryl sulfate; 
coloring agents; flavoring agents; stabilizers; antioxidants; 
preservatives; as well as other non-toxic compatible substances 
used in pharmaceutical formulations. Other compatible pharma- 
ceutical additives and actives may be included in the pharma- 
ceutically-acceptable carrier for use in the compositions of the 
subject invention. 

The choice of a pharmaceutical ly-acceptable carrier to be 
used in conjunction with the tripeptide derivatives of the 
subject invention is determined by the way the active is to be 
administered. Preferred modes of administering the actives of 
the subject invention are by injection, ingestion, inhalation and 
topically. 

The pharmaceuticany-acceptable carrier employed in con- 
junction with the tripeptide derivative of the subject invention 
is used at a concentration sufficient to provide a practical size 
to dosage relationship. The pharmaceuticany-acceptable carrier, 
in total, typically comprises from about 5% to about 99.9% by 
weight of the pharmaceutical compositions of the subject 
invention, preferably from about 10% to about 99%, and more 
preferably from about 25% to about 95%. 

Total single dosages of the tripeptide derivatives of the 
subject invention in pharmaceutical compositions are generally 
from about 1 rog to about 1000 mg, preferably from about 50 mg to 
about 800 mg, more preferably from about 100 mg to about 500 mg. 
Methods for Producing Anti- inflammatory Activity and Analgesia 

The subject invention also encompasses methods of producing 
ant i -inflammatory activity and/or analgesia in humans or lower 
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animals through administering, to the human or lower animal in 
need of such treatment, a safe and effective amount of a tri- 
peptide derivative of the subject invention. The amount can be 
given in a single dose or multiple doses repeatedly over the 
5 course of the treatment- While dosages higher than those 
described herein are effective to reduce inflammation and produce 
analgesia, care must be taken in some individuals to prevent 
adverse side effects- The tripeptide derivatives and composi- 
tions of the subject invention can be used to reduce inflammation . 
10 in various disorders at the deeper structures, muscles, tendons, 
bursa and joints associated with disease and trauma, to treat and 
prevent pain. 

The preferred modes of administering the tripeptide 
derivatives of the subject invention are by injection, ingestion, 
15 inhalation and topically. Specific modes of administration 
include, without limitation, oral ingestion; injection, such as 
intramuscular, intravenous, intraperitoneal, intradermal and 
subcutaneous; inhalation; and topically, such as transdermal^, 
orally, mucosally and sublingually. 

The term "safe and effective amount", as used herein, means 
an amount of a tripeptide derivative or composition high enough 
to significantly positively modify the condition to be treated, 
but low enough to avoid serious side effects (at a reasonable 
benefit/risk ratio), within the scope of sound medical judgement. 
A safe and effective amount of a tripeptide derivative or com- 
position will vary with the particular condition being treated, 
the age and physical condition of the patient being treated, the 
severity of the condition, the duration of the treatment, the 
nature of concurrent therapy, the specific active employed, the 
particular pharmaceutical ly-acceptable carrier utilized, and like 
factors within the knowledge and expertise of the attending 
physician. 

Preferred daily dosages of the tripeptide derivatives of the 
subject invention range from about 0.1 mg/kg of body weight to 
about 500 mg/kg of body weight, more preferably from about 

1 n>g/kg to about 100 mg/kg, still more preferably from about 

2 mg/kg to about 50 mg/kg. From 1 to about 4 single dosages per 



20 



25 



30 



35 



WO93/08211 PCT/US92/0890, 

- 14 - 

day may be administered, more preferably from about 2 to about 3 
single dosages per day. Preferred amounts -of the tripeptide 
derivatives administered by injection are from about 
0.1 mg/kg/day to about 50 mg/kg/day, more preferably from about 1 
5 mg/kg/day to about 10 mg/kg/day. Preferred amounts - of the 
tripeptide derivatives administered by oral ingestion are from 
about 1 mg/kg/day to about 500 mg/kg/day, more preferably from 
about 5 mg/kg/day to about 100 mg/kg/day. Preferred amounts of 
the tripeptide derivatives administered by inhalation are from 

10 about 0.1 mg/kg/day to about 500 mg/kg/day, more preferably from 
about 5 mg/kg/day to about 100 mg/kg/day. Preferred amounts of 
the tripeptide derivatives administered topically are from about 
1 mg/kg/day to about 500 mg/kg/day, more preferably from about 
50 mg/kg/day to about 250 mg/kg/day. 

15 Methods for Synthesizing the Compounds 

The following non-limiting schemes and examples demonstrate 
methods of synthesizing the tripeptide derivatives of the subject 
invention. 

Peptide aldehydes are synthesized according to Schemes A and 

20 B hereinbelow. In Scheme A, the Z-protected arginine derivative 
1 is cyclized utilizing isobutyl chloroformate and an appropriate 
base in an inert solvent and deblocked with anhydrous HC1 to give 
the cyclic arginine derivative 2: (Z)-cArg-HCl . This compound 
can be coupled with a dipeptide unit with a protecting group on 

25 the amino terminus utilizing diethyl cyanophosphonate and an 
appropriate amine base at room temperature to form the tripeptide 
nucleus 3. The ester 3 can be effectively reduced with lithium 
aluminum hydride in THF at -20*C and the protecting group (Z) 
removed by catalytic hydrogenolysis to yield the target peptide 

30 4. In a similar sequence of reactions, the cyclic arginine 
derivative 2 is coupled to a Boc-protected amino acid under 
conditions identical to those utilized for the formation of 3 to 
form a dipeptide unit 5. The Boc group is then removed with 
anhydrous HC1 in dioxane and the resulting amine salt coupled 

35 with another amino acid derivative under the same conditions 
after exposure to base. This again forms the tripeptide nucleus 
3. As before this compound is converted to 4. 
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2) H 2 

PG-AA-AA-Arg-H 



20 in scheme B, the tripeptide ester 6 which is synthesized 

utilizing standard peptide chemistry is reduced to the alcohol 
with CaBH 4 at 0*C in THF and subsequently oxidized with DMSO and 
oxalyl chloride to give the protected peptide aldehyde. Removal 
of the protecting group by catalytic hydrogenolysi s affords the 

25 target peptide aldehyde. 

Scheme B 

Z 1) CaBH 4 

PG-AA-AA-Lys-OMe ^ PG-AA-AA-Lys-H 

6 2) oxidize 7 

30 3) H 2 /Pd-Black 

Trifluoromethyl ketones are synthesized according to Schemes 
C and D hereinafter. In Scheme C, a diamine 8 is monoprotected 
as the Boc derivative and the resulting free amine oxidized with 
warm 3-chloroperoxybenzoic acid in dichloroethylene to give the 
35 nitro derivative 9. This compound is condensed with CF 3 CH0 
hydrate in THF to afford a nitro alcohol and the nitro reduced to 
the amine to give 10. Subsequent reaction of this free amine 
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10 



with a dipeptide unit in the presence of diethyl cyanophosphonate 
and a suitable amine is followed by selective removal of the Boc 
with anhydrous acid, guanylation of the resulting free amine with 
3,5-dimethylpyrazole-carboxamidine nitrate in dry DHF and 
oxidation with Dess-Martin periodinane (see Dess, D.B. & 
J.C. Martin, "Readily Accessible 12-1-5 Oxidant for the 
Conversion of Primary and Secondary Alcohols to Aldehydes and 
Ketones", Journal of Organic Chemistry . Vol. 48 (1983), pp. 
4155-4156) to give the trifluoromethyl ketone 12. 

Scheme C 



1) Boe 



15 



20 



25 



30 



H 2 H-^{CH2> n -^NH 2 - wcpBA • Boe-NH^tCH^-^NOg 



n s 1 - 3 

1) KjCOj^JFjCHO 

2) H 2 



1) w 

2) guanylate 

3) oxidize 



Sl 



OH OH 
«2 N Y^CF 3 1 > dlpept ' de PG-AA-AA-HN^I^ 



(CH2)n 



couple 



HBee 

lit 

PG-AA-AA-H 



OH 
^-NHBoe 



11 



' F 3 

< C L ^ J" 2 



12 



Other trifluoromethyl ketones are synthesized by a different 
route. In Scheme D, ester 13 is tritylated in dichloromethane 
with trityl chloride and TEA, and the ester is reduced with 

35 DIBAL-H in THF and oxidized to the aldehyde 14 under conditions 
identical to those utilized in the conversion of 6 to 7. This 
compound is reacted with CF 3 TMS (see Krishnamurti , R., 
D.R. Bel lew & G.K.S. Prakash, "Preparation of Trifluoromethyl and 
Other Perf 1 uoroal kyl Compounds with (Perf luoroal kyl ) tri methyl - 

40 silanes", Journal of Organic Chemi strv , Vol, 55 (1991), 
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pp. 984-989) and tetra-n-butyl ammonium fluoride trihydrate in 
THF, and the product is doubly reduced with anhydrous tin 
dichloride to give the diamine 15. Selective coupling of a 
dipeptide unit is effected at the less nucleophilic amino site 
5 with diethyl cyanophosphonate and an appropriate base, and the 
remaining aniline is guanylated with N,N'-bis-Cbz-S-methyl -iso- 
thiourea (Example 74) and a mercuric acetate catalyst to give 16. 
Oxidation of the alcohol with Dess-Martin periodinane and removal 
of the Z protecting groups by hydrogenolysis with palladium black 
10 in DMF gives the trifluoromethyl ketone 17. 

Scheme D 




35 



Example 1 

N-(Cbz)amidino-2-(Boc)aminovalerolactam: a-Boc,GL>-Cbz- 
arginine (5.0 g, 9.84 mmol) is cooled to O'C in 150 ml THF under 
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an inert atmosphere. To this solution is added 1.5 ml 
(10.82 mmol) TEA dropwise followed by the dropwise addition of 

1.4 ml (10*82 mmol) of isobutyl chloroformate. After 0.5 h at 
0*C, the cooling bath is removed, and the mixture is stirred at 

5 ambient temperature for 4 h. The reaction mixture is poured into 
a mixture of ethyl acetate (100 ml) and saturated sodium bicar- 
bonate, and the phases are separated in a separatory funnel w The 
organic phase is washed with saturated sodium chloride, dried 
with magnesium sulfate and filtered, and the solvent is removed. 
10 The residue is chromatographed on silica gel to afford 4.0 g 
product. Recrystall izatfon from acetone gives analytically pure 
product. Rf - 0.55 (5% ipa/GH 2 Cl 2 ). 

Example 2 

Boc-D-Phe-Phe-OBn: To a slurry of Boc-D-Phe-OH (1.00 g, 
15 3.77 rnnol) and Phe-OBn-p-TSA salt (1.61 g, 3.77 mmol) in 50 ml 
dichloromethane under argon is added 1.27 ml (9.05 mmol) TEA 
followed by the addition of 0.682 ml (4.5 mmol) of diethyl 
cyanophosphonate (DECP). The mixture is stirred overnight and 
the solvent is removed. Flash chromotography on silica gel gives 
20 2.01 g of the desired compound. 

Example 3 

N-(Cbz)amidino-2-aminovalerolactam-HCl salt ((Z) -cArg-HCl ) : 
To a solution of 1.35 g (3.45 mmol) N-(Cbz)amidino-2- (Boc)amino- 
valerolactam (Exaraole 1) in 25 ml dioxane is added 15 ml of 3.38M 
25 HC1 in dioxane. The solution is, stirred at room temperature for 

1.5 h f and the solvent is removed. The residue is triturated 
with ether and the solids filtered under argon to give 1.05 g of 
white crystalline product. 

Example 4 

30 Boc-D-Phe-Phe-OH: To a solution of 0.520 g (1.04 mmol) 

Boc-D-Phe-Phe-OBn (Example 2) in 10 ml MeOH is added 0.250 g 
palladium on carbon and 0.5 ml acetic acid. The slurry is 
hydrogenated on the Paar* apparatus at 45-50 psi overnight. The 
catalyst is filtered through Celite®, and the solvent is removed 

35 to afford 0.204 g product. 
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Example 5 

Boc-D-Phe-Phe-(Z)-cArg: To a solution of Boc-D-Phe-Phe-OH 
(Example 2) (0.390 g, 0.980 mmol) and (Z)-cArg-HCl salt (Example 
3} (0.432 g, 0.980 mmol) in dichloromethane is added 0.30 ml 
5 (2.16 mmol) TEA followed by 0.17 ml (1.08 mmol) diethyl cyano- 
phosphonate. The mixture is stirred overnight and washed with IN 
HC1, saturated sodium bicarbonate, and saturated sodium chloride. 
Flash chromotography on silica gel gives 0.400 g product. 
Rf- 0.45 (5% ipa/CH 2 Cl 2 ). 
10 Example 6 

Boc-D-Phe-Phe-Arg-H-OAc: To a cold (-23'C) solution of 
Boc-D-Phe-Phe-(Z)-cArg (Example 5) (0.170 g, 0.250 mmol) in 15 ml 
THF is added 0.019 g (0.500 mmol) of LAH portionwise over a 
period of 1 min. After stirring for 1 h at this temperature the 
15 reaction is quenched with 1 ml of water, warmed to room tempera- 
ture and filtered, and the solvent is removed. The residue is 
dissolved in dichloromethane and washed with brine. The 
resulting organic phase is dried with magnesium sulfate and 
filtered, and the solvent is removed. The resulting alcohol is 
20 dissolved in 10 ml methanol, and 0.100 g palladium on carbon is 
added. Hydrogen is bubbled through the slurry for^ 1 h, and the 
slurry is filtered through Celite*; the solvent is removed. The 
residue is. dissolved in 7% acetic acid/water and lyophilized to 
afford 0.85 g product. FAB-MS 553 m/z (HH+), 575 m/z (MNa)+, 
535 m/z (MH-H 2 0) + . 

Example 7 

Boc-D-Pro-Phe-(Z)-cArg: To a solution of Boc-D-Pro-Phe-OH 
(0.357 g, 0.810 mmol) and (Z)-cArg-HCl in 25 ml dichloromethane 
is added 0.250 ml (1.78 mmol) TEA dropwise followed by 0.140 ml 
(0.890 mmol). The solution is stirred overnight, and the solvent 
is removed. Chromotography on silica gel gives 0.352 g product. 
Rf - 0.40 (5% ipa/CH 2 Cl 2 ). 

Example 8 

Boc-D-Pro-Phe-Arg-H-OAc: As in Example 6, 0.285 g (0.460 
mmol) of Boc-D-Pro-Phe-(Z)-cArg (Example 7) and 0.035 g (0.92 
mmol) LAH gives crude product. This product is chromatographed 
on silica gel to give 0.100 g product, which is then hydrogenated 
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(0.100 g palladium on carbon) to afford 0.088 g of the desired 
product. 

Fxample 9 

Boc-D-l-NaT-Phe-OBn: As in Example 2, 0.177 g Boc-D-l-Nal - 
5 OH (0.560 mmol) and 0.265g Phe-OBn • p-TSA (0.620 mmol) with 0.100 
ml DECP (0.620 mmol} and 0.160 ml (1.12 mmol) gives 0.230 g 
product. Rf- 0.75 (3% ipa/CH 2 Cl 2 ). 

Example 10 

Boc-D-l-Nal -Phe-(Z)-cArg: As in Example 5, 0.130 g 
10 (0.270 mmol) Boc-D-l-Nal -Phe-OH (see Example 4 for preparation 
method used to make an analogous compound) and 0.122 g 
(Z)-cArg-HCl (0.270 mmol) with 0.076 ml TEA (0.540 mmol) and 
0.051 ml DECP (0.300 rnnol) gives 0.135 g product. Rf = 0.50 (5% 
ipa/CH 2 Cl 2 ). 

15 Example I] 

Boc-D-l-Nal -Phe-Arg-H-OAc: As in Example 6, 0.130 g (0.180 
ranol) Boc-D-l-Nal -Phe-(Z) -cArg' (Example 10) and 0.014 g LAH 
(0.360 mmol) gives 0.078 g chromatographed product that is 
hydrogenated and lyophilized to give 0.049 g product. FAB-MS 603 
20 m/z (HH+). 

Example 12 

Boc-D-Phe-Cha-OBn: As in Example 2, 0.223 g (0.840 mmol) 
Boc-D-Phe-OH and 0.250 g Cha-OBn-HCl (Example 76) (0.840 mmol) 
with 0.140 ml (0.923 mmol ) DECP and 0.234 ml (1.68 mmol) TEA 
25 gives 0.262 g product. Rf - 0.51 (25% EtOAc/ pentane) . 

Fxample 13 

Boc-D-Phe-Cha-OH: As in Example 4, 0.262 g (0.515 mmol) 
Boc-D-Phe-Cha-OBn (Example 12) and 0.110 g palladium on carbon 
gives 0.212 g product. 
30 Fxample 14 

Boc-D-Phe-Cha-(2)-cArg: As in Example 5, 0.165 g 
(0.507 mmol) (Z)-cArg-HCl (Example 3) and 0.212 g (0.507 mmol) 
Boc-D-Phe-Cha-OH (Example 13) with 0.085 ml (0.557 mmol) DECP and 
0.141 ml (1.01 mmol) TEA gives 0.051 g product. Rf= 0.62 (5% 
35 ipa/CH 2 Cl 2 ). 
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Example 15 

Boc-D-Phe-Cha-Arg-H-OAc: As in Example 6, 0.049 g 
(0.071 irmol) Boc-D-Phe-Cha-(Z)-cArg (Example 14) and 0.005 g LAH 
gives 0.020 g chromatographed product that is hydrogenated (0.007 
5 g Pd/C) and lyophilized to afford 0.008 g product. FAB-MS 559 m/z 
(HH+). 

Example 16 

Adoc-D-Phe-Phe-OBn: Boc-D-Phe-Phe-OBn (Example 2) (0.500 g, 
0.995 mmol) is dissolved in 5 ml of ethyl acetate, and 5ml of 5H 

0 HC1 is added. After 2.5 h the solvent is removed, and the 
residue is placed on the vacuum pump overnight. The solid 
obtained (D-Phe-Phe-OBn-HCl ) is dissolved in a mixture of 1 ml of 
dioxane and 0.995 ml of IN NaOH. The solution is cooled to 0'G 
and 0.092 g (1.09 mmol) sodium bicarbonate is added. To this 

5 solution is added 0.092 g (1.094 mmol) adamantyl fluoroformate in 
1 ml dioxane dropwise via syringe. The solution is stirred at 
0*C for 0.5 h and for 1.5 h at room temperature. The solvent is 
evaporated, and the residue is partitioned between ethyl acetate 
and water. The phases are separated, and the aqueous phase is 

3 extracted with 3 X 20 ml ethyl acetate. The combined organic 
phases are washed with brine, dried with magnesium sulfate, and 
filtered, and the solvent is removed. The product is chromato- 
graphed on silica gel to give 0.390 g of the desired product. 
Rf - 0.70 (5% ipa/CH ? C1 ? ). 

> Example 17 

Adoc-D-Phe-Phe-OH: As in Example 4, 0.380 g (0.653 mmol) of 
Adoc-D-Phe-Phe-OBn (Example 16) and 0.076 g Pd/C gives 0.192 g of 
the desired product. 

Example 18 

1 Adoc-D-Phe-Phe-(Z)-cArg: As in Example 5, 0.100 g (0.204 
mmol) of Adoc-D-Phe-Phe-OH (Example 17) and 0.061 g (0.185 mmol) 
of (Z)-cArg-HCl (Example 3) with 0.031 ml (0.204) DECP and 
0.057 ml (0.408 mmol) TEA gives 0.079 g product. Rf- 0.53 (5% 
ipa/CH 2 C1,). 

Example 19 

Adoc-D-Phe-Phe-Arg-H-OAc: As in Example 6, 0.078 g 
(0.102 mmol) Adoc-D-Phe-Phe-(Z)-cArg (Example 18) and 0.008 g 
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(0.204 iranol ) LAH gives 0.064 g product that is hydrogenated and 
lyophilized to afford 0.059 g product. FAB-MS 631 m/z (MH+). 

Fxample 20 

Adoc-D-2-Nal-Phe-(Z)-cArg: To 0.046 g (0.062 mmol) of 
Boc-D-2-Nal-Phe-(Z)-cArg (see Example 10 for preparation method 
used to make an analogous compound) in 5 ml ethyl acetate is 
added 1 ml of 5M HC1 in ethyl acetate. The solution is stirred 
for 8 h; the solvent is removed, and the residue is placed on the 
vacuum pump for several hours. The resulting amine salt (D-2- 
Nal-Phe-(Z)-cArg-HCl) is dissolved in 0.5 ml of dioxane and 0.5 
ml of water. ' 0.045 ml of IN NaOH is added followed by 0.004 g 
(0.049 mmol) of sodium bicarbonate. 0.010 g (0.049 mmol) of 
adamantyl fluoroformate in 1 ml dioxane is added dropwise, and 
the solution is stirred at O'C for 0,5 h and at room temperature 
for 2 h. The solvent is evaporated, and the residue is parti- 
tioned between ethyl acetate and water. The phases are 
separated, and the aqueous phase is extracted with ethyl acetate. 
The organic phases are combined and washed with brine, dried with 
magnesium sulfate and filtered, and the solvent is removed. 
Chromatography on silica gel gives 0.021 g product. Rf - 0.41 
(5% ipa/CH 2 Clj). 

Eramole 21 

Adoc-D-2-Nal-Phe-Arg-H-OAc: As in Example 6, 0.009 g 
(0.011 mmol) Adoc-D-2-Nal-Phe-(Z)-cArg (Example 20) and 0.850 mg 
of LAH gives 0.007 g product that is hydrogenated (0.002 g Pd/C) 
and lyophilized to afford 0.004 g of the desired product. FAB-MS 
681 m/z (MH+). 

Example 22 

Boc-Phe-(Z)-cArg: To a solution of Boc-Phe-OH (1.30 g, 
4.90 mmol) and (ZJ-cArg-HCl (Example 3) (1.60 g, 4.90 mmol) in 25 
ml dichloromethane under an inert atmosphere is added in 
succession 1.43 ml (10.3 mmol) TEA and 0.743 ml (4.90 mmol) DECP. 
After stirring overnight the solvent is removed, and the residue 
is chromatographed on silica gel to afford 1.44 g product. 

Example 23 

Phe-(Z)-cArg.HCl: Boc-Phe-(Z)-cArg (Example 22) (1.44 g, 
2.68 mmol) is dissolved in 20 ml ethyl acetate and 22 ml of a 3H 
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solution of HC1 in ethyl acetate is added. The solution is 
stirred for 4 h, and the resulting solid material is filtered 
through a Buchner funnel with a continuous stream of argon 
passing over any exposed solid material. The filter cake is 
5 washed with ethyl acetate and placed under vacuum for future use* 
1.23 g of white solid is obtained. 

Example 24 

Boc-D-Trp-Phe-(Z)-cArg: To a solution of 0-150 g 
(0.320 mmol) Phe-(Z)-cArg-HCl (Example 23) and 0.097 g 

10 (0.320 mmol) Boc-D-Trp-OH in 25 ml dichloromethane under an inert 
atmosphere is added 0.090 ml TEA (0.640 mmol), followed by the 
addition of 0.060 ml DECP (0.360 mmol); the resulting solution is 
stirred overnight. The solvent is removed, and the residue is 
chromatographed on silica gel to give 0.160 g product. Rf - 0.40 

15 (5% ipa/CH 2 Cl 2 ). 

Example 25 

Boc-D-Trp«Phe-Arg-H-0Ac: As in Example 6, 0.110 g 
(0.150 mmol) Boc-D-Trp-Phe-(Z)-cArg (Example 24) and 0.011 g LAH 
gives 0.065 g chromatographed product that is hydrogenated (0.050 
20 g Pd/C) and lyophilized to afford 0.040 g product. FAB-MS 592 
m/z (MH+) , 700 m/z (MH 4 TG} + , 492 m/z (MH-Boc)+. 

Example z$ 

N-Bn-D-Ser-QH: 10.0 g (95.2 mmol) of D-Serine and 4.78 g 
(76.12 mmol) of sodium cyanoborohydride are suspended in 200 ml 

25 methanol, and 10.6 g (104 imol ) benzaldehyde is added dropwise. 
The slurry is stirred for 48 h and filtered. The filter cake is 
washed with methanol and placed on the vacuum pump overnight. 
10.5 g of a white powder that is a 1:1 mixture of starting 
material and product is obtained. 

30 Ex»mpl ? 27 

N-Bn,N-(Z)-D-Ser: A 1:1 mixture of N-Bn-D-Ser-OH and 
D-Serine (Example 25) (5.00 g) is dissolved in 18.3 ml 2N NaOH 
and 6 ml THF is added. The solution is cooled to 0*C, and 
7.86 ml (55.0 mmol) benzyl chloroformate is added. During addi- 

35 tion the pH is maintained between 9.5 and 10.5 by addition of IN 
NaOH. After 1 h of stirring and continuously maintaining the pH, 
the solution is acidified to pH - 2.4 with concentrated HC1 . The 
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acidic solution is extracted with ethyl acetate (3X) and dried 
with magnesium sulfate; and the solvent is removed. The residue 
is chromatographed on silica gel to afford 4,00 g of the desired 
product- Rf - 0.27 (1% acetic acid/5% ipa/94% dichloromethanej . 

Example 28 

N-Bn-N-(Z}-D-Ser-£-lactone: To a dry flask under argon con- 
taining 1.52 g tri phenyl phosphine (5.77 mmol) in 20 ml THF at 
-78 # C is added 0.637 ml dimethyl azodicarboxy late (5.79 mmol) 
dropwise. After 15 min, a solution of N-Bn-N-(Z)-D-Ser 
(Example 27) in 15 ml THF is added. The cooling bath is removed, 
and the solution is allowed to warm to room temperature over- 
night. The solution is evaporated, and the residue is chromato- 
graphed on silica gel to give 1.00 g product. Rf = 0.37 (20% 
ethyl acetate/petroleum ether). 

Example ?9 

N-Bn-N-(Z)-D-tBal-0H: To a slurry of cuprous bromide/di- 
methyl sulfide complex (0.581 g, 2.83 mmol) in 5 ml THF in a 
previously dried flask at -78*C under argon is added 2.96 ml 
t-BuLi (1.7M in pentane, 5.04 mmol) dropwise. The slurry is 
stirred at this temperature for 0.75 h and 0.3 h at -45*C. The 
slurry is recooled to -78 # C, and 0.200 g (Q..642 mmol) of 
N-Bn-H-(Z)-D-Ser-0-lactone (Example 28) in 2 ml THF is added. 
After stirring for 16 h at ~78*C, the mixture is poured into cold 
IN HC1, and methanol is added (25% volume). After 0.3 h the 
mixture is filtered, and the filtrate is extracted with ethyl 
acetate and dried with magnesium sulfate; the solvent is removed. 
Chromatography of the residue on silica gel gives 0.120 g 
product, [ajg 5 - +32.18 (c « I, chloroform). Rf = (1% HOAc/5% 
MeOH/94% CH 2 C1 2 ). 

Example 30 

Boc-D-t-Bal-OH: To a solution of N-Bn-N-(Z) ~D-tBal -OH 
(Example 29) (0.160 g, 0.432 mmol) in waterracetic acid (1:2, 
15 ml) is added 0.030 g Pd/C and the slurry hydrogenated on the 
Paar* apparatus at 45 psi for 16 h. After filtering through 
Celite*, the solvent is removed, and the residue is placed on the 
vacuum pump. The deprotected product is dissolved in 0.480 ml IN 
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NaOH and 2 ml dioxane, and 1 ml water is added. The solution is 
cooled to (TC and 0.480 ml IN NaOH and 0.078 g di-t-butyldicar- 
bonate (0.465 mmol) in 1 ml dioxane are added simultaneously in 
separate addition funnels, and the resulting solution is stirred 
at 0 # C for 1 h. The solution is extracted with ethyl acetate, 
and the aqueous phase is acidified to pH - 2.5. Extraction of 
the aqueous phase with ethyl acetate is followed by drying with 
magnesium sulfate, filtering and removal of solvent. The residue 
is chromatographed on silica gel to give 0.109 g of pure 
material. [cr]6 5 - +32.7 (c - 1, chloroform). Rf - 0.34 
(1% H0Ac/5% i pa/94% CH 2 C1 2 ). 

Example 31 

Boc-D-t-Bal-Phe-(Z)-cArg: As in Example 24, 0.040 g 
Boc-D-t-Bal-OH (0.163 mmol) and 0.077 g (0.163 mmol) 
Phe-(Z)cArg-HCl (Example 23) with 0.045 ml (0.326 mmol) TEA and 

0. 025 ml (0.163 mmol) DECP gives 0.055 g of product. Rf = 0.91 
(10% MeOH/90% CH 2 C1 2 ). 

Example 32 

Boc-D-t-Bal-Phe-Arg-OAc: As in Example 6, 0.055 g 
(0.083 mmol) Boc-D- t-Bal -Phe-(Z)-cArg (Example 31) and 0.006 g 
(0.166 mmol) LAH gives 0.027 g product that fs hydrogenated 
(0.010 g Pd/C) and lyophilized to give 0.035 g product. FAB-MS - 
533 m/z (MH+), 555 m/z (MNa) + , 641 m/z (MH + TG) + , 515 m/z (MH - 
H 2 0)+. 

Examplq 33 

N-Bn-N-(Z)-D-1-Adl-0H: As in Example 29, 5.20 ml 
(4.69 mmol) 1-adamantyl magnesium bromide, 0.495 g (2.41 mmol) 
cuprous bromide/dimethyl sul fide complex and 0.031 g (0.963 mmol) 
N-Bn-N-(Z)-D-Ser-0-lactone (Example 28) in 0.514 ml methyl 
sulfide and 15 ml THF gives 0.323 g product, [or] 5 s - +20.3 (c = 

1, chloroform). Rf - 0.25 (1% HOAC/5% ipa/94% CH 2 C1 2 ). 

Example 34 

Boc-D-l-Adl-0H: As in Example 30, 0.160 g N-Bn-N-(Z)- 
D-l-Adl-OH (Example 33) (0.358 mmol) and 0.032 g Pd/C gives 
0.081 g product as white powder. 0.60 g of this product is 
protected as the Boc compound with 0.115 g di-t-butyl dicarbonate 
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(0.296 mmol) and 5.37 ml IN NaOH to give 0.047 g product. 
[a]6 5 - +3.9 (c - 1, chloroform). Rf = 0.38 {1% HOAc/ 5% ipa/94% 
CH 2 C1 2 ). 

Example 35 

Boc-D-l-Adl-Phe-(Z)-cArg: As in Example 24, 0.047 g 
(0.145 mmoT) Boc-D-I-Adl-OH (Example 34) and 0.069 g (0.145 rnmol) 
Phe-(Z)cArg-HCl (Example 23) with 0.044 ml (0.319 mmol) TEA and 
0.022 ml (0.145 mmol) DECP gives 0.067 g product, [ftjg 5 - -15.8 
(c - 1, chloroform). Rf « 0.64 (5% ipa/CH 2 Cl 2 ). 

Example 36 

Boc-D-l-Adl-Phe-Arg-H-OAc: As in Example 6, 0.065 g Boc-D- 
l-Adl-Phe-(Z)-cArg (Example 35) (0.088 mmol) and 0.007 g (0.175 
mmol) LAH gives 0.045 product.- 0.014 g of this product is 
hydrogenated (0.002 g Pd/C) and lyophilized to give 0.015 g 
product. FAB -MS - 611 m/z (MH+), 719 m/z (MH + TG)+. 

Example 37 

a-N-Boc-e-N-(Z)-D-Orn-Phe-(Z)-cArg: As in Example 24, 
0.250 g (0.710 mmol) a-N-Boc-S-N-tf) -D-Orn-OH and 0.338 g 
(0.71 mmol) Phe-(Z)-cArg-HCl (Example 23) with 0.390 ml 
(2.80 mmol) TEA and 0.120 ml (0.800 mmol) DECP gives 0.310 g 
product. Rf - 0.52 (5% ipa/CH 2 Cl 2 ). 

Example 38 

a-N-Adoc- t .-N-(Z)-D-Orn-Phe-(Z)-cArg: To a cold (O'C) 
solution of 0.300 g (0.420 mmol) of or-N-Adoc-i-N- (Z) -D-Orn-Phe- 
(Z)-cArg (Example 37) in 15 ml water and 15 ml dioxane is added 
0.134 g (1.60 mmol) sodium bicarbonate followed by 0.099 g 
(0.500 mmol) adamantyl f luoroformate in 1 ml dioxane dropwise. 
The cooling bath is removed, and the solution is stirred for 1 h. 
The dioxane is removed under vacuum, and the aqueous phase is 
extracted with ethyl acetate. The organic phase is washed with 
brine and dried with magnesium sulfate, and the solvent is 
removed. Chromatography on silica gel gives 0.120 g product. 
Rf - 0.52. (5X ipa/CH 2 Cl 2 ). 

Example 39 

Adoc-D-Orn-Phe-Arg-H-OAc: As in Example 6, 0.165 g 
(0.190 mmol) a-N-Adoc-i-N-(Z)-D-0rn-Phe-(Z)-cArg (Example 38) and 
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0.015 g (0.380 mmol) LAH gives 0.035 g product that is 
hydrogenated and lyophilized to give 0.030 g product. 

Example 40 

Adac-D-t-Bug-Phe-OBn: To a solution of 5 ml of a 15% 
5 solution of phosgene in toluene under argon is added 0.140 ml TEA 
(1.00 mmol). This is followed by the addition of 0.112 g 
(0.750 mmol) of 1- adamant anamine in 1 ml toluene dropwise via 
syringe. The resulting slurry is stirred for 0.3 h, and the 
excess phosgene is removed by purging with argon. The solid is 

10 filtered off by suction through a sintered glass funnel, and the 
solvent is removed. The residue is red 1s solved in dichloro- 
methane and cooled to 0*C under argon. To this solution is added 
0.140 ml TEA (1.00 mmol) followed by 0.100 g (0.250 mmol) D-t- 
Bug-Phe-OBn-HCl (see Example 16 for preparation method used to 

*5 make an analogous compound) in one portion. The resulting 
solution is stirred for 2 h at room temperature, and the solvent 
is removed. Chromatography on silica gel gives 0.350 g product. 

Example 41 

Adac-D-t-Bug-Phe-(Z)-cArg: To a mixture of 0.082 g Adac-D- 
t-Bug-Phe-OH (see Example 4 for preparation method used to make 
an analogous compound) (0.150 mmol) and (Z)-cArg-bCl (Example 3) 
(0.080 g, 0.180 mmol) in 25 ml dichloromethane under argon is 
added 0.084 ml (0.500 mnol) TEA followed by 0.030 ml (0.200 mmol) 
DECP. The mixture is stirred overnight, and the solvent is 
removed. The residue is chromatographed on silica gel to give 
0.085 g product. Rf- 0.35 (3% ipa/CH 2 Cl 2 ). 

Example 42 

Adac-D-t-Bug-Phe-Arg-H: As in Example 5, 0.085 g Adac-D-t- 
Bug-Phe-(Z)-cArg-H (Example 41) (0.120 mmol) and 0.009 g LAH 
(0.240 mmol) gives 0.054 g chromatographed product that is 
hydrogenated and lyophilized to give 0.044 g product. FAB-MS - 
596 m/z (MH + ) . 

Example 43 

Ada-D-t-Bug-Phe-(Z)-cArg: To a solution of Boc-D-t-Bug- 
Phe-(Z)-cArg (see Example 5 for preparation method used to make 
an analogous compound) (0.060 g, 0.082 mmol) in 2 ml ethyl 
acetate is added 1 ml 5 H HC1 in ethyl acetate, and the solution 
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is stirred at room temperature for 6 h. An additional 1 ml of 
HC1 in ethyl acetate is added, and the solution is stirred 
overnight. The solvent is removed, and the residue is placed on 
the vacuum pump. The solid material is dissolved in 20 ml di- 
chloromethane, and 0.018 g (0.091 mmol) adamantaneacetyl chloride 
is added. To this solution is added 0.025 ml TEA (0.180 mmol) 
followed by 0.014 ml DECP (0.091 mmol), and the resulting mixture 
is stirred overnight. Removal of the solvent and chromatography 
on silica gel gives 0.013 g compound. Rf= 0.52 (5% MeOH/CH 2 Cl 2 ). 

Example 44 

Ada-D-t-Bug-Phe-Arg-H: As in Example 6, 0.013 g 
(0.018 mmol) Ada-D-t-Bug-Phe-(Z)-cArg (Example 43) and LAH 
(0.0015 g, 0.036 mmol) gives 0.002 g that is hydrogenated and 
lyophilized to afford 0.002 g product. FAB-MS - 595 m/z (MH+), 
577 m/z (MH - H,0)+. 

Example 45 

(4R)-3-(2-adamantyl-l-oxo)-4-(phenylmethyl)-2-oxazolidinone: 
To a solution of 1.00 g (6.06 mmol) of (4R)-(phenylmethyl)-2- 
oxazolidinone in 30 ml THF at -78*C is added 2.70 ml of butyl 
lithium (6.67 mmol) dropwise. After the addition is complete, 
the solution is stirred for 10 min, followed by the dropwise 
addition of 1.53 g of adamantane acetyl chloride (7.25 mmol) in 5 
ml THF. After 0.25 h the cooling bath is removed, and the 
solution is allowed to warm to room temperature. The reaction is 
quenched with 2 ml water and concentrated. The residue is 
partitioned between ether and water, and the phases are 
separated. The organic phase is dried, and the solvent is 
removed. Chromatography with 10% ethyl acetate/petroleum ether 
on silica gel gives 1.62 g of the desired product as a white 
solid. 

Example 46 

(3(2R),4R)-3(2-adamantyl-2-azido-l-oxo)-4-(phenylmethyl)-2- 
oxazol idinone : (4R) -3- (2-adamantyl - 1 -oxo) -4- (phenyl methyl ) -2 - 
oxazolidinone (Example 45) (0.389 g, 1 .10 mmol) is dissolved in 
15 ml THF and cooled to -78*C. This solution is then added via 
cannula to a 0.3 H THF solution of 1.27 mmol of KHMDS that is 
also maintained at -78*C. After stirring for 0.5 h at this 
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temperature, a 78*C solution of trisyl azide (see Harmon, R.E., 
G. Wellman & S.K. Gupta, "The Reaction of Arylsulfonyl Azides 
with N-Methyl indole", Journal of Organic Chemistry , Vol. 38, 
No. 1 (1973), pp. 11-16) (0.420 g, 1.37 mmol ) in 5 ml THF is 
5 added via cannula. After 2 min, 5 equivalents of acetic acid is 
added, and the solution is allowed to warm to room temperature 
overnight. The solution is diluted with dichloromethane and 
washed with brine and saturated sodium bicarbonate. After drying 
(magnesium sulfate) and filtration, the solvent is removed. The 
10 residue is chromatographed on silica gel to afford 0.340 g 
(0.860 mmol) of the desired product as a colorless oil. 

Example 47 

(2R)-2-azido-adamantaneacetic acid: (3(2R) ,4R) -3(2-ada- 
mantyl -2-azido- 1 -oxo) -4- (phenylmethyl ) -2-oxazol id i none 

15 (Example 46) (0.270 g, 0.690 mmol) is dissolved in 10 ml THF and 
cooled to 0*C. To this solution is added a mixture of 3.63 ml of 
0.2 M lithium hydroxide, 0.35 ml of 30% hydrogen peroxide and 4 
ml of water dropwise. After 1 h at 0'C, 10 equivalents of sodium 
bisulfite in 2 ml water is added, and the solution is stirred for 

20 15 min. The THF is removed, and the remaining aqueous solution 
is extracted 3 times with ethyl acetate; the organic phase is 
dried with magnesium sulfate. After filtration, the solvent is 
removed, and the residue is chromatographed on silica gel to 
afford 0.135 g of the desired product as a white solid. 

25 E xample 49 

(R)-Adoc-Adg-OH: (2R) -2-azido- adamant aneaceti c acid 

(Example 47) (0.070 g, 0.340 mmol) is dissolved in 2:1 acetic 
acid/water (2 ml), --and 0.150 g Pd/C is added. The slurry is 
hydrogenated on the Paar* apparatus at 50 psi for 16 h. The 

30 slurry is filtered through Celite*, and the solvent is removed. 
The residue is dissolved in 0.34 ml IN NaOH and 2 ml water, and 
2 ml dioxane is added. To this solution is added 0.027 g sodium 
bicarbonate, followed by addition of adamantyl fluoroformate 
(0.101 g, 0.510 mmol) in 1 ml dioxane. After 0.5 h, the cooling 

35 bath is removed, and the solution is warmed to room temperature. 
The mixture is diluted with ethyl acetate, and the phases 
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separated. The aqueous phase is acidified to pH=2 and extracted 
with ethyl acetate. Removal of solvent gives 0.040 g product. 

Example 49 

Adoc-D-Adg-Phe-(Z)-cArg: As in Example 24, 0.040 g 
5 (0.100 mmol) of (R)-Adoc-Adg-OH (Example 48} and 0.049 g 
(0.100 mmol) of Phe-(Z)-cArg-HCl (Example 23) with 0.056 ml 
(0.400 mmol) TEA and 0.018 ml (0.120 mmol) DECP gives 0.031 g of 
product after chromatography. Rf= 0.65 (5% ipa/CH 2 Cl 2 ). 

Example 50 

10 Adoc-D-Adg-Phe-Arg-H: As in Example 6, 0.030 g Adoc-D-Adg- 

Phe-(Z)-cArg (Example 49) (0.037 mmol) and LAH (0.003 g, 
0.075 mmol) gives 0.010 g chromatographed product that is hydro- 
genated with 0.002 g Pd/C and lyophilized to afford 0.009 g 
product. FAB-MS 675 m/z (MH+). 

15 Example 51 

Adoc-D-t-Bug-Phe-(ZJ-Lys-OMe: To a solution of 0.432 g 
Adoc-D-t-Bug-Phe-OH (see Example 17 for preparation method used 
to make an analogous compound) (0.946 mmol) and 0.298 g N-e-(Z)- 
Lys-OHe (0.901 mmol) in 25 ml dichloromethane is added 0.276 ml 

20 TEA (1.98 mmol) followed by 0.144 ml DECP (0.946 mmol); the solu- 
tion is stirred overnight. The solvent is removed, and the 
residue is chromatographed on silica gel to give 0.495 g product. 
Rf « 0.49 (4% HeOH/CH ? Cl : ). 

Example 52 

25 Adoc-D-t-Bug-Phe-(Z)-Lysinol : Adoc-D-t-Bug-Phe-(Z)-Lys-OMe 

(Example 51) (0.070 g, 0.096 mmol) is dissolved in 1 ml of 
ethanol and cooled in an ice/methanol bath. To this solution is 
added solid anhydrous calcium chloride (0.021 g, 0.191 mmol) and 
1 ml THF. Sodium borohydride (0.144 g, 0.382 mmol) is added in 

30 one portion and the resulting slurry is allowed to warm to room 
temperature over a period of 3 h. The reaction is quenched with 
1 ml of 1 M citric acid. The solvent is removed, and the residue 
is partitioned between ethyl acetate and water. The organic 
phase is washed with brine and dried, and the solvent is removed. 

35 Chromatography on silica gel affords 0.042 g of the desired 
compound. [a]ft S - +14.8 (c«l, EtOH). 
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Example 53 

Adoc~D-t-Bug-Phe-(Z)-Lys-H: To a solution of 0.026 ml 
oxalyl chloride (0.275 mmol) in 5 ml dichloromethane at -78 # C is 
added 0.042 ml DMS0 (0.570 mmol) in 0.500 ml dichloromethane 
5 dropwise. After 5 min, 0.160 g Adoc-D-t-Bug-Phe-(Z)-Lys-OMe 
(Example 51) (0.227 mmol) in 1 ml dichloromethane is added. The 
solution is stirred at -78*C for 0.3 h and 0.158 ml TEA is added. 
The solution is then warmed to 0 # C and quenched with 2 ml water. 
The mixture is washed with IN HC1, saturated sodium bicarbonate 
10 and brine. The organic phase is dried and filtered, and the 
solvent is removed. Chromatography on silica gel of the residue 
gives 0.096 g of the desired product. |»6 5 = -45.3 (c=l,CHCl 3 ). 

Example 54 

Adoc-D-t-Bug-Phe-Lys-H-TFA: To a solution of Q.009g 
15 Adoc-D-t-Bug-Phe-(Z)-Lys-H (Example 53) (0.013 mmol) and 0.006 g 
of 9.7% HC1 in dioxane in 0.900 ml DMF is added 0.005 g Pd black. 
This slurry is hydrogenated at atmospheric pressure for 0.3 h. 
The slurry is diluted with 1 ml dioxane and filtered through 
Celite*. The filter cake is washed with methanol, and the 
solvent is removed. The residue is chromatographed on reverse 
phase (water/acetoni trole/0. 1% TEA) to give 0v008 g of the 
desired product. FAB-MS - 569 m/z (MH+), 677 m/z (MH + TG) + . 

Example 55 

eBroc-D-t-Bug-Phe-(Z)-cArg: To a solution of 0.080 g of 
25 (- Jendoborneol (0.520 mmol) and 0.041 ml pyridine (0.520 mmol) in 
2 ml toluene is added 7 ml of a 12% solution of phosgene in 
toluene dropwise. After 1 h, argon is bubbled through the 
solution to purge any remaining phosgene. After 10 min the 
slurry is filtered, and the solvent is removed. The residue is 
30 dissolved in dichloromethane, and 0.127 g of D-t-Bug-Phe- (Z)- 
cArg-HCl (see Example 20 for preparation method used to make an 
analogous compound) (0.240 mmol) is added followed by 0.100 ml 
(0.720 mmol) of TEA. The solution is stirred overnight, and the 
solvent is removed. Chromatography on silica gel gives 0.100 g 
of the desired product. Rf (5% ipa/CH 2 Cl 2 ) = 0.75. 
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Example 56 

eBroc-D-t-Bug-Phe-Arg-H: As in Example 6, 0.090 g 
(0.120 mmol) of eBroc-D-t-Bug-Phe-(Z)-cArg (Example 55) and 
0.009 g LAH (0.240 ranol) gives 0.065 g product after chromatog- 
raphy. This compound is hydrogenated on the Paat* apparatus for 
3 h (AcOH/MeOH - 1/20) to give 0.045 g after lyophil ization. 
FAB-MS - 599 m/z (MHt), 707 m/z (MH + TG)+. 

Example 57 

Tr-p-Nph-OMe: 26.0 g (99.8 mmol) of p-Nph-OMe-HCl is 
suspended in 500 ml dichloromethane, and 27.8 ml TEA (199.6 mmol ) 
is added dropwise. After the addition is complete, 26.4 g 
(94.8 mnol) of trityl chloride in 250 ml dichloromethane is 
added. The yellow solution is stirred for 2 h, washed with 
brine, dried with magnesium sulfate and filtered, the solvent is 
removed to give 44.0 g of product that is of suitable purity to 
be used in the reaction of Example 58. 

Example 58 

Tr-p-nitrophenylalaninol: To a solution of 45.3 g (97.2 mmol) of 
Tr-p-Nph-OHe (Example 57) in 500 ml THF at 0*C under argon is 
added 200 ml (300 mmol) DIBAL-H at a moderate rate. After 1 h, 
the solution is transferred to a 2 1 Erlenmeyer flask and cooled 
to O'C. To this solution is added 500 ml saturated potassium 
sodium tartrate solution cautiously. The mixture is extracted 
with 3X11 ethyl acetate, and the organic phases are dried. 
Removal of solvent gives 40 g that is chromatographed on silica 
gel to give 26.9 g of product. 

Example 59 

Tr-p-nitrophenylalaninal : To a solution of 0.581 ml oxalyl 
chloride (6.67 mmol) in 50 ml dichloromethane under argon at 
-78*C is added 0.946 ml DMS0 (13.3 mmol) in 2 ml dichloromethane 
dropwise. After the addition is complete, 2.25 g (5.13 mmol) of 
Tr-p-nitrophenylalaninol (Example 58) in 7 ml dichloromethane is 
added. The solution is stirred for 0.5 h and is then poured into 
a mixture of ether and water. The phases are separated, and the 
organic phase is washed with water, dried with magnesium sulfate 
and filtered; the solvent is removed. The residue is chromatogr- 
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aphed on silica gel to afford 2.00 g product. Rf= 0.55 (2% 
CH 3 C(0)CH 3 /CH 2 C1 2 ), [a]6 5 - +67.8 (c=l ,CH 2 C1 2 ) . 

Example 60 

4-p-Nitrophenyl-l,l,l-trifluoro-3-tritylamino-2-butano1 : To 
5 a solution of 2.23 g Tr-p-nitrophenylalaninol (Example 59) 
(5.11 mmol) in 100 ml THF under argon is added 0.951 g CF 3 TMS 
(Scheme D) (6.13 mmol) followed by the addition of 0.163 g 
tetrabutyl ammonium fluoride trihydrate (0.510 mmol); the solution 
is stirred for 2 h. The solvent is removed, and the residue is 
10 chromatographed on silica gel to afford 1.73 g of product. Rf = 
0.50 (2% CH 3 C(0)CH 3 /CH 2 C1 2 ). 

Example 61 

3- Amino-4-p-aminophenyl-l,l,l-trifluoro-2-butanol : To a 
sol ution of 4-p-Ni trophenyl -1,1, 1 -tri H uoro-3-trityl ami no- 2- 

15 butanol (Example 60) (1.00 g, 1.98 mmol) in 50 ml ethanol is 
added 2.23 g (9.88 mmol) tin chloride dihydrate. The mixture is 
refluxed for 1 h and poured into ice water (100 ml). The pH is 
adjusted to 8.4 with sodium bicarbonate, and the mixture is 
extracted with ethyl acetate (2 X 250 ml). The organic phase is 

20 dried and filtered, and the solvent is removed. Chromatography on 
silica gel gives 0.800 g product/ Rf- 0.18, 0.30^(1% NH 4 0H/10% 
MeOH/89% CH 2 C1 2 ) . 

Example 6? 

4- p-Ami nophenyl - 3 - 1 -butyl oxycarbonyl amino- 1,1, 1 -tri f 1 uoro- 
25 2-butanol: To a solution of 3-amino-4-p-aminophenyl-l,l,l-tri- 

fluoro-2-butanol (Example 61) (5.26 g, 22.5 mmol) in 200 ml THF 
is added 5.31 g di-t-butyl dicarbonate (23.6 mmol), and the 
solution is stirred overnight. The solvent is removed, and the 
residue is chromatographed on silica gel to give 5.70 g product. 
30 Rf - 0.48, 0.68 (1% NH 4 0H/1% ipa/98% CH 2 C1 2 ). 

EXflrcpl? 63 

3- t -Butyl oxycarbonyl ami no-4-di -CBz-p-guanidi nophenyl -1 , 1,1- 
trifluoro-2-butanol : To a solution of 0.020 g (0.060 mmol) of 
4-p-aminophenyl -3-t-butyloxycarbonylamino-l ,1 , l-trifluoro-2- 
35 butanol (Example 62) in 5 ml THF under argon is added 0.027 mg 
(0.072 mmol ) of N,N' , -di -Cbz-S-methyl i sothiourea (Example 74) 
followed by addition of 5.7 mg mercuric acetate. The mixture is 



stirred overnight, and an additional 5.7 mg of mercuric acetate 
is added the following morning. After 1 h, the THF is evaporated 
and the residue is redissolved in ethyl acetate. The organic 
phase is washed with saturated sodium bicarbonate, 0.1N HC1 and 
brine. The solution is dried and filtered, and the solvent is 
removed. Chromatography on silica gel gives 0.035 g product. 
Rf- 0.28 (3X ipa/CH r Cl z ). 

Example 64 

3-Amino-4-di-Cb2-p-guanidinophenyl-l,l,l-trifluoro-2-butanol 
hydrochloride salt: A solution of 2.8 g (4.34 mmol) of 3-t- 
butyloxycarbonyl amino-4-di -Cbz-p-guanidinophenyl -1,1, 1 -tri - 
fluoro-2-butanol (Example 63) in 40 ml dioxane and 15 ml 4H HC1 
in dioxane is stirred for 2 h at room temperature. The dioxane 
is removed in vacuo, and the residue is triturated with ether. 
The slurry is filtered under argon and is found to weigh 2.4 g. 

Example 65 

3- (Adamantyl oxy-D-t-butyl glycyl phenyl al anyl ) amino-4 -di - 
Cbz-p-guanidinophenyl-l,l,l-trifluoro-2-butanol: To a solution 
of 0.750 g 3-amino-4-di-Cbz-p-guanidinophenyl-l,l,l-trifluoro- 
2-butanol (Example 64) (1.29 mmol) and 0.647 g Adoc-D-t-Bug- 
Phe-OH (see Example 17 for preparation method used to make an 
analogous compound) (1.42 mmol) in 10 ml DMF is added 0.500 ml 
TEA (3.58 mmol) followed by 0.232 ml DECP (1.42 mmol); the 
mixture is stirred overnight. The solvent is removed and the 
residue is chromatographed (40% ethyl acetate/petroleum ether) on 
silica gel to afford 0.890 g product. Rf » 0.70 (5% ipa/CH 2 Cl z ). 

Example 66 

3-(Adaman tyloxy-D-t-butylglycyl phenyl al anyl) ami no-4-di - 
Cbz-p-guanidinophenyl - 1,1,1 -tri fluoro-2-butanone: To a solution 
of 0.452 g Dess-Hartin periodinane (1.07 mmol) in 10 ml dichloro- 
raethane is added 0.352 g 3- (adamantyloxy-D-t-butyl glycyl phenyl - 
alanyl )amino-4-di-Cbz-p-guanidinophenyl -1, 1 , l-trifluoro-2-butanol 
(Example 65) (0.356 mmol) in 10 ml dichloromethane dropwise. The 
red-brown solution is stirred for 2 h and is diluted with 30 ml 
ether. The mixture is poured into 50 ml saturated sodium bicar- 
bonate containing 1.85 g sodium thiosulfate. This solution is 
stirred for 10 min, and 30 ml ether is added. The phases are 
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separated, and the organic phase is dried with magnesium sulfate. 
The solvent is removed, and the residue is chromatographed on 
silica gel to give 0.120 g product. Rf= 0.52 (75% EtOAc/pen- 
tane), [a]5 5 - -32.3 (c-l,CH 2 Cl 2 ) . 
5 Example 67 

3- (Adamantyloxy-D-t-butylglycyl phenyl al any! )amino-4-p-guani - 
dinophenyl-l,l,l-trifluoro-2-butanone: To a solution of 0.120 g 
3-(adamantyloxy-D-t-butylglycyl phenyl al anyl ) ami no-4-di -Cbz-p- 
guanidi nophenyl -1 , 1 , 1 -tri f 1 uoro-2-butanone ( Exampl e 65) 

10 (0.122 mmol) in 20 ml methanol and 0.5 ml acetic acid is added 
0.025 g Pd/C, and the slurry is hydrogenated at 45 psi for 1.5 h, 
the slurry is filtered through Celite®, and the solvent is 
removed. Reverse phase HPLC (acetonitrile/water/TFA) gives 
0.017 g of one diastereomer and 0.028 g of the other, FAB-MS - 
. 15 732 m/2 (MH+ 4 H 2 0) , 746 m/z (MH+ + CH 3 0H). 

Example 68 

4- t-Butyloxycarbonylamino-l -ni trobutane : To a solution of 
4.00 g 4-t-butyloxyamino-l-aminobutane (see Stahl , G.L., 
R. Walter & C.W. Smith, "General Procedure for the Synthesis of 

20 Mono-N-acylated K6-Diaminohexanes" , Journal of Organic 
Chemistry. Vol. 43, No. 11 (1978), pp. 2285-2286) {21.3 rrmol ) in 
50 ml dichloroethane is added 14.7 g (85.0 mmol) MCPBA in 1 g 
portions. The temperature is raised to reflux (83*C) and held 
there for 3 h. An additional 7.80 g (45.0 mmol) of MCPBA is 

25 added and the reflux is continued for another hour. The solution 
is cooled and washed with 3 X 30 ml IN NaOH. The organic layer 
is dried (magnesium sulfate), and the solvent is removed. 
Chromatography on silica gel gives 1.90 g product. 

Example $9 

30 6-Boc-amino-3-ni tro- 1, 1 * 1 -tri fluoro-2-hexanol : To a solu- 

tion of 0.500 g (2.29 mmol) 4-t-Boc-amino-l-nitrobutane 
(Example 68) and 0.239 g (2.08 mmol) of trifluoroacetaldehyde 
hydrate in 10 ml THF is added 0.013 g crushed potassium car- 
bonate. The slurry is heated to 50 # C and stirred at this temper- 

35 ature overnight. The slurry is dissolved in ether and washed 
with brine. The organic phase is dried, and the solvent is 
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removed. Chromatography of the residue gives 0.380 g of product 
as a mixture of diastereomers. Rf = 0.34 (5% ipa/CH 2 Cl 2 ). 

Example 70 

3-Amino-6-Boc-amino-l,l,l-trifluoro-2-hexanol: To a 
5 solution of 0.280 g (0.885 mmol) of 6-Boc-amino-3-nitro-l,l,l- 
trifluoro-2-hexanol (Example 69) in 5 ml methanol is added 5 
drops of acetic acid and 0.056 g 10% Pd/C. The slurry is 
hydrogenated at 45 psi for 20 h and filtered through Celite®. 
The solvent is removed, and the residue is chromatographed on 
10 silica gel to give two diastereomers (0.072 g and 0.108 g) that 
are easily separated. Rf- 0.27, 0.45 (1% NH 4 0H/2.5% MeOH/96.5% 
CH 2 C1 2 ). 

Example 71 

3-(eBroc-D-t-Bug-Phe-amino-6-t-butyloxycarbonylamino-l,l,l- 
15 ~ trifluoro-2-hexanol: To a solution of 3-amino-6-t-Boc-amino- 
l,l,l-trifluoro-2-hexanol (Example 70) (0.600 g, 1.31 mmol) and 
eBroc-D-t-Bug-Phe-OH (see Example 17 for preparation method used 
to make an analogous compound) (0.370 g, 1.31 mmol) in 20 ml 
dichlorome thane under argon is added 0.360 ml TEA (2.62 mmol) 
20 followed by the addition of 0.200 ml DECP (1.31 mmol). The 
mixture is stirred overnight, and the solvent is removed. The 
residue is chromatographed on silica gel to afford 0.800 g 
product. Rf- 0.34 (5% ipa/CH ? Cl 2 ). 

Example 72 

25 3-(eBroc-D-t-Bug-Phe)-amino-6-guanidino-l, 1, 1-trifl uoro-2- 

hexanol TFA salt: To a solution of 0.800 g 3-(eBroc-D-t-Bug- 
Phe)-amino-6-Boc-amino-l.l,l-trifluoro-2-hexanol (Example 71) 
(1.10 mmol) in 20 ml dioxane is added 3 ml 3.2H HC1 in dioxane; 
the mixture is stirred for 2 h. At this time an additional 1 ml 

30 HC1 is added, and the mixture is stirred for an additional 2.5 h. 
The solvent is removed, and the residue is placed on the vacuum 
pump overnight. The solid material is dissolved in 50 ml dry 
DHF, and the pH is adjusted to 8.5 with TEA. In a separate flask 
7.6 g (37.8 mmol) of 3,5-dimethylpyrazole-l-carboxamidine nitrate 

35 (DMPCN) is dissolved in 5 ml DHF, and the pH adjusted to 8.5. 
The two solutions are combined and stirred for 5 days. The pH is 
adjusted to 5.8 with acetic acid, and the solvent is removed. 
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Reverse phase HPLC purification of the residue gives 0.190 g of 
the desired product. 

Example 73 

3-(eBroc-D-t-Bug-Phe)-amino-6-guanidino-l, 1, 1-trifl uoro-2- 
5 hexanone TFA salt: To a solution of Dess-Martin periodinane 
(0.400 g, 0,850 mmol ) in 10 ml CH 2 C1 2 is added a solution of 
3-(eBroc-D-t-Bug-Phe)-amino-6-guanidino-l,l, 1-trifl uoro-2-hexanol 
TFA salt (Example 72) (0.190 g, 0.240 mmol) in 10 ml CH 2 C1 2 . The 
mixture is stirred overnight, and the solvent is removed. The 

10 residue is redissolved in CH 2 C1 2 and washed with saturated NaHC0 3 
solution. The solvent is removed from the organic phase, and the 
residue is dissolved in 2 ml MeOH and passed through a column of 
Biorad-AGB1X8/200-400 mesh - acetate form. After removing the 
solvent the residue is chromatographed (reverse phase HPLC) to 

15 afford 0.080 g product. 

Example 74 

N,N'-bis-carbobenzyloxy-S-methyl -isothiourea: To a solution 
of S-methyl- isothiourea sulfate dimer (5.00 g, 18.0 mmol) of cold 
(0 # C) IN NaOH (36.0 ml, 36.0 mmol) is added 11.3 ml (79.0 mmol) 

20 benzyl chloroformate and 79.0 ml (79.0 mmol) IN NaOH dropwise 
from separate addition funnels. The slurry is stirred for 0.5 h 
at 0 # C and 1.5 h at room temperature. The solution is extracted 
with ethyl acetate, dried with magnesium sulfate and the filtrate 
is evaporated. Chromatography on silica gel gives 0.262 -g 

25 product. Rf - 0.40 (15% EtOAc/pet ether). 

Example 75 

Boc-Cha-OBn: To a slurry of Boc-Cha-OH (1.56 g, 5.75 mmol) 
and NaHC0 3 (1 .54 g, 18.33 mmol) in 50 ml DMF is added 0.700 ml 
(6.72 mmol) benzyl bromide. The mixture is stirred for 2 days. 
30 The DMF is evaporated, and the solid is dissolved in EtOAc. The 
slurry is washed with water; the organic phase is dried, and the 
filtrate is evaporated. 1.91 g product that is homogeneous by 
TLC is recovered. Rf - 0.70 (25% EtOAc/pet ether). 

Example 76 

35 Cha-OBn-HCl: To a solution of Boc-Cha-OBn (1.81 g, 

5.01 mmol) (Example 75) in dioxane is added 18 ml of 3.34M HC1 in 
dioxane. After 1 h, 10 ml additional 3.34M HC1 in dioxane is 
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added. The solvent is removed, and the residue is triturated 
with EtOAc, filtered and placed on a vacuum .pump. 1.22 g of a 
white solid is recovered. 

Methods for Testing Acti vity of the Compounds 
5 The following non-limiting procedures are methods for 

testing the anti -inflammatory and/or analgesic activity of the 

tri peptide derivatives of the subject invention. 

Several enzyme inhibition assays are known to be predictive 

of anti -inflammatory activity for compounds. Such enzyme assays 
10 are useful for measuring the activity of compounds of the subject 

invention. Such enzyme assays include the following: porcine 

pancreatic kallikrein (PPK) - see references A, E and F; human 

urinary kallikrein (HUK) - see references E and F; human plasma 

kallikrein - see references B and E; human plasmin (HP) - see 
15 references B and C; and urokinase (UK) - see reference D. The 

indicated references, which are hereby incorporated herein by 

reference, are the following: 

(A) Lottenberg, R., U. Christensen, CM. Jackson & P. I. Coleman, 
"Assay of Coagulation Proteases Using Peptide Chromogenic and 

20 Fluorogenic Substrates", Methods in Enzvmolooy. Vol. 80, Academic 
Press, New York, NY (1981), pp. 341-361; (B) Geiger, R. 
"Kallikrein", Methods of Fnrvmatic Analysis. Vol. V, 3rd Edition, 
Bergmeyer, ed.. Academic Press, New Nork, NY (1984), pp. 129-143; 
(C) Morris, J. P.. S. Blatt, J.R. Powell, O.K. Strickland & F.J. 

25 Castellino, "Role of Lysine Binding Regions in the Kinetic 
Properties of Human Plasmin", Biochemistry , Vol. 20, No. 17 
(August 18, 1981) p. 4811; (D) Wohl, R.C., L. Summaria & K.C. 
Robbins, 'Kinetics of Activation of Human Plasminogen by 
Different Activator Species at pH 7.4 and 37'C" The Journal 

30 Biological Chemistry . Vol. 255, No. 5 (March 10, 1980), pp. 
2005-2013; (E) Okunishi, H., J. Burton & J. Spragg, "Specificity 
of Substrate Analogue Inhibitors of Human Urinary Kallikrein", 
Hypertension . Vol. 7, No. 3, Suppl . I (May-June, 1985), pp. 
I-72-I75; (F) Amundsen, E., J. Putter, P. Friberger, M. Knos, M. 

35 Larsbraten & G. Claeson, "Methods for the Determination of 
Glandular Kallikrein by Means of a Chromogenic Tripeptide 
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Substrate", In Kinins-II part A . Fuji, S., et al . , eds., Plenum 
Press, New York, NY (1979) pp. 83-95. 

Another useful assay of activity is based on a method for 
determination of slow-binding enzyme inhibition disclosed in 
Imperial i, B. & R.H. Abeles, "Inhibition of Serine Proteases by 
Peptidyl Fluoromethyl Ketones", Biochemistry . Vol. 25 (1986) 
pp. 3760-3767. The method is modified as described below in 
order to study the slow binding inhibition of human plasmin (A*) 
and kallikrein (pig pancreatic) (B*). 

Reactions: (A*) The reaction mixtures contain 78 mM'tris-HCl 
buffer, pH 7.4, 78 mM NaCl , 0.2 mg/ml bovine serum albumin, 
0.2 mM S-2251 (D-Val -Leu-Arg-p-nitroanil ide) , 0.5 U/ml plasmin 
(1 jiM) , and variable concentrations of the test compound to be 
studied, in a total volume of 1 ml . The stock solution of 
plasmin is 1 U/ml in 50% glycerol. The absorbance change due to 
release of p-ni troanil ine on enzymatic cleavage of S-2251 is 
monitored using an HP-8450 spectrophotometer system, set to 
measure A«°°-*i° - fl 4 '°-* ,e . The temperature is 30'C. 

Calculations: Kobsd * nd v s (steady state inhibited rate) 
are determined by fitting the progressive curve (first 20 min) to 
the integrated rate equation (i) using Labtech Nqtebook® soft- 
ware. Estimated kj is calculated for each run from v s and the 
uninhibited rate v (equation ii), with (S) = 0.2 mM and K m = 
0.77 mM. 

(i) A - v s t - ((v s - v 0 )/k 0 bsd)U - exp( -k 0 bsdt) ) + A 0 

(ii) *i - (I)/((v/v s -l)(i 4 (s)/kn,)) 

A plot of kobsd vs * es t compound concentration for the 
different runs is then fit to a line, y « mx + b (see equation 
Hi); k 0 n • m O + (S)/km) and k 0 ff - b are then calculated. 
Finally k x is calculated from equation iv. 
<i")kobsd-(I)/((v/v s -l)(l +■ (S)/km)) 
(iv) kj - k 0 ff/k on 

Several j_n vivo assays are known to be predictive of the 
anti- inflammatory activity of compounds. Such in vivo assays are 
useful for measuring the activity of compounds of the subject 
invention. Such in vivo assays are disclosed in the following 
references which are hereby incorporated herein by reference: 
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Winter, C.A., E.A. Risley, G.V. Nuss, "Carrageenin- Induced 
Edema in Hind Paw of the Rat as an Assay for Antiinflammatory 
Drugs", P-»r Snr. Fr P Mr*.. N.V.. Vol. Ill (1962), pp. 
544-547; Vander Wende, C. & S. Margolin, "Analgesic Tests Based 
5 Upon Experimentally Induced Acute Abdominal Pain in Rats", 
FpHpral Prnreedinos . . Vol. 15 (1956), p. 494; Blackham, A., J.W. 
Burns, J.B. Farmer, H. Radziwonik, J. Westwick, "An X-Ray 
Analysis of Adjuvant Arthritis in the Rat. The Effect of 
Prednisolone and Indomethacin", Agents and Actions, Vol. 7/1 
10 (1977), p. 145-151; Winter, C.A. & G.W. Nuss, "Treatment of 
Adjuvant Arthritis in Rats/ with Anti- Inflammatory Drugs" 
Arthritis and Rheumatism . Vol. 9, No. 3 (June, 1966), pp. 394- 
•404; and Francis, M.D., K. Hovancik a R.W. Boyce, "NE-58095: 
A Diphosphonate Which Prevents Bone Erosion and Preserves Joint 
15 Architecture in Experimental Arthritis", Int. J. Tiss. Reac , 
Vol. XI, No. 5 (1989), PP- 239-252. 
Compositions a nri HPthods nf Using the Compounds 

The following non-limiting examples exemplify contemplated 
compositions and uses for the subject invention, 
20 Example 77 

Tablets are made by conventional procedures, each having the 
following composition: 

Component Quantity (mg> 

lpoc-D-t-Bug-Phe-Arg-CF, 400 
25 Microcrystall ine cellulose 200 
Pregelatinized starch 200 
Povidone K-30 40 
Magnesium stearate 20 

One tablet is administered orally four times daily to a 
30 patient to aleviate inflammation in joints due to arthritis. 

Fxamole 78 

A lotion is made by conventional procedures, the lotion 
having the following composition: 

Component quantity (%) 

35 Adoc-D-Val-Phe-Arg-H 2-5 
Glyceri n 4.0 
Methyl paraben °- 2 
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Propyl paraben 


0.1 


Carbopol 934 


0.15 


NaOH 


0.46 


Cetyl stearyl palmitate 


1.0 


Stearic acid 


0.5 


Lanolin fatty acids 


0.5 


Cetyl alcohol 


3.0 


Zantham gum 


0.3 


Sodium stearoyl-2-lactolate 


0.75 


Isopropyl myri state 


2.0 


Water 


q.s . 



One gram of the lotion is administered topically to the skin 
in the area of a burn twice daily to reduce inflammation and 
pain. 

15 Example 79 

A solution is made by conventional means, each 2 ml of 
solution having the following composition: 

Component Quantity (roq) 

eBroc-D-t-Bug-Pbe-Arg-H 80 
20 Benzalkonium chloride 40 
Sterile aqueous saline solution q.s. 

A 2 ml dose of the solution is injected intramuscularly to a 
patient with arthritis to reduce inflammation and pain. 

Example 9Q 

25 A solution is made by conventional means, the solution 

having the following composition: 



Component Quantity 1%) 
Adoc-D-t-Bug-Phe-Arg-H 5.0 
Benzalkonium chloride 0.02 
30 Sodium carboxymethyl cellulose 0.01 
Aqueous saline solution q.s. 



A 0.2 ml dose of the solution is administered by inhalation 
to a patient as needed to alleviate upper respiratory distress 
due to asthma. 

35 While particular embodiments of the subject invention have 

been described, it will be obvious to those skilled in the art 
that various changes and modifications of the subject invention 
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from the spirit and the scope of 
to cover, in the appended claims, 
are within the scope of this 
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Claims: 

1. A compound, and the pharmaceutically-acceptable salts 
and hydrates thereof, having the structure: 
R R' R" 

5 X-(CH 2 )n-V-Z-CH-C(0)-NH-CH-C(0)-NH-CH-C(0)-Y 

wherein 

(a) n is an integer of from 0 to 2; 

(b) -R is selected from straight or branched alkyl, 
saturated or unsaturated with 1 or 2 double bonds, 

10 having from 1 to 6 carbon atoms; and cyclic alkyl, 

saturated or unsaturated with 1 or 2 double bonds, 
having from 3 to 13 carbon atoms; and the carbon atom 
to which -R is bonded is in either D or L configura- 
tion; 

15 (c) -R' is selected from branched alkyl, saturated or 

unsaturated with 1 or 2 double bonds, having from 3 to 
6 carbon atoms; cyclic alkyl, saturated or unsaturated 
with 1 or 2 double bonds, having from 3 to 13 carbon 
atoms; and arylalkyl, the alkyl portion being saturated 
and having from 1 to 3 carbon atoms; and the carbon 
atom to which -R' is bonded is in L configuration; 

(d) -R" is -(CH 2 ) m -A-NH2 or -{CH 2 ) m -A-B-C(NH2)=NH, wherein 
•m is an integer of from 1 to 5, -A- is a covalent bond, 

or p-phenyl or p-cyclohexyl , and -B- is a covalent bond 
25 or -NH-; and the carbon atom to which -R" is bonded "is 

in L configuration; 

(e) -Y is hydrogen or tri fl uoromethyl ; 

(f) -Z- is -0- or -NH-; 

(g) -V- is selected from -0C(0)-, -N(Q)C(0)-, -N(Q)C(S)-, 
30 -C(0)-, -S0 2 - and -P(0)(0H)-; when -V- is -0C(0)-, -Z- 

is -NH-; 

(h) -X is selected from cyclic alkyl, branched alkyl having 
at least two branches, and aryl , each having from 5 to 
20 carbon atoms; except that when -V- is -0C(0)-, n is 

35 0, and -Y is -H, -X is other than t-butyl ; and 

(i) -Q is selected from hydrogen; and straight or branched 
chain alkyl, saturated or unsaturated with 1 or 2 
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double bonds, having from 1 to 6 carbon atoms; or -Q 
and -X are covalently linked forming a cyclic moiety 
which includes the nitrogen to which -Q is bonded and 
from 5 to 20 carbon atoms. 

5 

2. The compound of Claim 1 wherein all alkyl portions of 
-R, -R' and -X are saturated, the alkyl portion of all aryl alkyl 
are saturated and have from 1 to 3 carbon atoms, and all alkyl 
portions of -R' are unsubstituted. 

10 

3. The compound of Claim 1 or 2 wherein -V- is selected 
from -0C(0)-, -N(Q)C(0)-, -N(Q)C(S)-, and -C(0}-, preferably from 
-0C(0)- and -NHC(O)-; all aryl portions of -R and -R' are unsub- 
stituted; n is 0 or 1; and all alkyl and aryl portions of -X are 

15 unsubstituted. 

4. The compound of any of Claims 1-3 wherein -Q is 
hydrogen; the carbon to which -R is bonded is in D configuration; 
-Z- is -NH-; and -A- is p-phenyl or p-cyclohexyl and m is 1, or 
-A- is a covalent bond, -B- is -NH-, and m is 2-4. 

5. The compound of any of Claims 1-4 wherein -X is cyclic 
alkyl or aryl, preferably cyclic alkyl having from 8 to 15 carbon 
atoms, and -Y is preferably -CF3. 

25 

6. A compound, and the pharmaceutical ly- acceptable salts 
and hydrates thereof, having the structure: 

X'-AA1-AA2-AA3-Y 

wherein 

30 (a) -AA 1 - is selected from t - butyl glycyl, valyl, isoleucyl, 

leucyl , cycl ohexyl glycyl , cyclohexylal anyl , phenyl - 
alanyl, naphthylalanyl, tryptophyl and adamantyl glycyl ; 
(b) -AA2- is selected from phenyl alanyl, naphthylalanyl, 
cyclohexylalanyl, leucyl and isoleucyl; 

35 (c) -AA 3 - is selected from arginyl, lysyl and p-guanidino- 

phenyl alanyl, preferably arginyl; 
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(d) -X' is selected from t -butyl oxycarbonyl , adamantyloxy- 
carbonyl , adamantoyl , f 1 uorenylmethoxycarbonyl , ada- 
mantaneacetyl , adamantylaminocarbonyl , roorphil inoyl , 
noradamantyl , homoadamanty 1 oxycarbonyl , i sop i nocam- 
phanyl oxycarbonyl , 3, 5-dimethyl adamantyl oxycarbonyl , 
endo-bornyl oxycarbonyl , naphthyl oxycarbonyl and 
menthyl oxycarbonyl ; and 

(e) -Y is hydrogen or trifluoromethyl ; except that when -Y 
is hydrogen, -X' is other than t-butyl oxycarbonyl , 



7. The compound of Claim 6 wherein 

(a) -AAl- is selected from t-butylglycyl , valyl and 
isoleucyl ; 

(b) -AA 2 - is phenylalanyl ; 
15 (c) -AA 3 - is arginyl; and 

(d) -X' is selected from adamantyl oxycarbonyl , iso- 
pi nocamphanyl oxycarbonyl and endo-bornyl oxy- 
carbonyl , preferably adamantyl oxycarbonyl ; 
preferably the compound having the structure Adoc-D-t-Bug-Phe- 
20 Arg-H. 

8. A pharmaceutical composition comprising: 

(1) a compound, and the pharmaceutical^- acceptabl e salts 
and hydrates thereof, having the structure: 
R R' R" 

X-(CH2)n-V-Z-CH-C(0)-NH-CH-C(0)-NH-CH-C(0)-Y 
wherein 

(a) n is an integer of from 0 to 2; 

(b) -R is selected from straight or branched alkyl, 
30 saturated or unsaturated with 1 or 2 double bonds, 

having from 1 to 6 carbon atoms; and cyclic alkyl, 
saturated or unsaturated with 1 or 2 double bonds, 
having from 3 to 13 carbon atoms; and the carbon 
atom to which -R is bonded is in either D or L 
35 configuration; 

(c) -R ; is selected from branched alkyl, saturated or 
unsaturated with 1 or 2 double bonds, having from 
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3 to 6 carbon atoms; cyclic alkyl, saturated or 
unsaturated with 1 or 2 double bonds, having from 
3 to 13 carbon atoms; and aryl alkyl, the alkyl 
portion being saturated and having from 1 to 3 
carbon atoms; and the carbon atom to which -R' is 
bonded is in L configuration; 

(d) -R" is -(CH 2 )m-A-NH2 or -(CH 2 >nrA-B*C(NH2)-NH, 
wherein m is an integer of from 1 to 5, -A- is a 
covalent bond, or p-phenyl or p-cyclohexyl , and 
-B- is a covalent bond or -NH-; and the carbon 

' atom to which -R" is bonded is in L configuration; 

(e) -Y is hydrogen or trifluoromethyl; 

(f) -Z- is -0- or -NH-; 

Cg) -V- is selected from -0C(0)-, -N(Q)C(0)-, 
15 -N(Q)G(S)-, -C(0)-, -S0 2 - and -P(0)(0H)-; when -V- 

is -0C(0)~, -I- is -NH-; 

(h) -X is selected from cyclic alkyl, branched alkyl 
having at least two branches, and aryl, each 
having from 5 to 20 carbon atoms; and 

(i) -Q is selected from hydrogen; and straight or 
branched chain alkyl, saturated or unsaturated 
with 1 or 2 double bonds, having from 1 to 6 
carbon atoms; or -Q and -X are covalently linked 
forming a cyclic moiety which includes the 

25 nitrogen to whi'ch -Q is bonded and from 5 to 20 

carbon atoms; and 
(2) a pharmaceuticany-acceptable carrier. 

9. A pharmaceutical composition comprising a compound of 
30 any of Claims 1-7 and a pharmaceutical ly- acceptable carrier. 



10. Use of a compound of any of Claims 1-7 for manufacture 
of a medicament for treating inflammation or pain. 
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